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Table showing the extension of the Upper Lias in the British Islands, Belgium, France, 
Switzerland, Germany, Austria, and Italy, with indications of the Toarcian Ammonite- 


Zones found in some typical regions of the Huropean area. 
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_ This table concludes our sketch of the Lias formation, so rich in new and varied forms 
of animal life, which all became extinct with its close. In taking a retrospective glance 
at this chapter of the Geological Record, probably the most complete of all the Mesozoic 
formations, one is forcibly struck with the number of new, remarkable, and varied animal 
forms it contains, of which we find neither traces of ancestry nor natural affinities in any 
of the older strata. In its basement-bed the teeth of the oldest known Mammal, 
Microlestes, were discovered, and in its different horizons the remains of Reptiles of the 
most singular structure are found. The Hnaliosaurians comprise in a single organism the 
most diverse anatomical characters; the vertebral column of a fish united to the body 
of a lizard, having the skull, jaws, and teeth of a crocodile, with the paddles of Cetacea 
articulated to the scapular arch of a Platypus. The Pterodactylians have affinities with 
birds and bats through the mechanism of their anterior extremities, the phalanges of the 
fifth finger being enlarged and elongated to form a rod for supporting a wide-spreading 
membranous wing, whilst the rest of the hand retained the reptilian type. The Ganoid 
Fishes belong to genera that are nearly all special to the Lias, and they are as remarkable 
for the beauty and novelty of their forms as for the fine state of preservation in which 
they are found. The Molluscan Faunas are singularly characteristic of the different 
zones ; and the Cephalopods, above all others, are the most important class, from the cer- 
tainty with which these divisions of time are characterised by them, each new group 
making its appearance in succession, and passing away to give place to other generic 
forms destined to succeed it in time and space. 
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Fie. 13.—A Vertical Profile of the Penarth Cliffs. 


a, Aegoceras planorbis, Cidaris Edwardsit. 
b. Aeg. planorbis, Lima pectinoides, Modiola Hillana, Pecten textorius, 
ce. Lima precursor, L. punctata, L. pectinoides, Modiola minima. 


Lima Shales. Planorbis Beds. 


d. Ostrea liassica, Plicatula spinosa. 


e. Ostrrea Bep. Ostrea liassica, Modiola minima. 


Ostrea Beds. 


f. Lima punctate. 


g. Anatina Suessii, Modiola minima, Lima precursor. 
h. Axinus concentricus, Leda Titei, Ostrea liassica, Plicatula intusstriata. 


White Lias. 


k. Brown sandy Shales. 


m. Varontensis Bev. Cardium Rheticum, Gervillia precursor. 
— n. Uperr Sueti-Bep. Plewrophorus angulatus. 

_——————— = o. Pecten Valoniensis, Anatina Suessii, Axinus cloacinus, A. depressus, 
== : Pleurophorus elongatus, Myophoria postera, 


q. Lower Precren Bep. Avicula contorta, P. Valoniensis, C. Rheticum. 


r. Cardium Rheticum, Avicula contorta. 


Black Shales. 


s. Pullastra arenicola, Axinus elongatus, Pecten Valoniensis. 


t. Fossiliferous shelly Limestone. 
u. Bong Bev. Saurichthys, Gyrolepis, Hybodus, dcrodus, Nemacanthus. 


v. Fisu Brp. 


Cream-coloured, greyish-green, and pale-red marly limestones, breaking 
into conchoidal masses and destitute of fossils. 


Alternations of greenish-grey, conchoidal marls, breaking up into 
cubical fragments, and having thin veins of gypsum filling the 


joints. 


Red Marls of the Keuper Beds. 


. 
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The profile on the preceding page was drawn by my friend, Mr. R. Etheridge, F.R.S., 
to illustrate his lecture on the Rheetic beds of Penarth and Lavernock, delivered at a 
meeting of the Cardiff Naturalists’ Society in July, 1871. Mr. W. Adams, F.G.S., to 
whom the woodcut belongs, kindly offered the use of the block to illustrate my remarks 
on this section, and for this courteous act I beg to return him my best thanks. 

The zone of Aegoceras planorbis (a, 6) occupies the summit of the cliff, and the 
Ammonite beds consist of dark grey shales, with hard compact limestones ; they are well 
seen at Lavernock, where they occupy the foreshore. The lowest beds consist of fine- 
grained argillaceous limestones and shales, with a few Ammonites and remains of Cidaris 
Hdwardsii ; above these are beds with Aegoceras planorbis, Lima pectinoides, Modiola 
Hillana, Pecten textorius. Then follow two beds of limestone, each six inches, without 
fossils, which are capped by two feet of shales crowded with 4. planortis, and inter- 
stratified with a concretionary limestone. The Ammonite beds are about eight feet thick. 

The Lima Shales (c) form the middle portion of the Planorbis zone. They consist of a 
grey-brownish argillaceous limestone with brown shales ; the limestones are concretionary, 
and inconstant bands of the rock run through the shales, which measure about ten feet. 
Lima precursor, Quenst., Lima punctata, Sow., Lima pectinoides, Sow., are found in the 
Upper beds. 

The Ostrea Beds (d, e) consist of alternate layers of clays and limestones. Many of 
the beds are very fossiliferous, and contain Ostrea liassica, Sow., Modiola minima, Sow., 
Pleuromya Dunkeri, Terq., Plicatula spinosa, Sow., Hemipedina Bowerbankii, Wr. 
The White Lias series (f—1) measures about eighteen feet, and forms the upper portion 
of the zone of Avicula cortorta; the strata consist of pale brown, arenaceous shales, 
with inconstant bands of hard limestone containing a few fossils. The true White Lias 
limestone of Somersetshire is not found in this locality, but the shells it yields serve to 
identify the beds with that series. MJonotis decussata, Avinus concentricus, Moore, 
Anatina Suessvi, Stopp., Lima precursor, Quenst., Pecten pollux, VOrb., Modiola minima 
Sow., Leda Titet, Moore, Phicatula intusstriata, Emmyr., may fairly be correlated with 
the contents of the beds in the Garden Cliff profile (fig. 1, p. 7), which contain Lstheria 
Brodieana, Jones, and other fossils. 

The Black Shales (m—u) form the lower portion of the Contorta-zone, which measures 
twenty-four feet in thickness. These shales contain a fauna special to the beds, remark- 
able for the number of small Mollusca abounding in them. ‘There are two shell beds in 
these shales, both characterised by the presence of innumerable fine large specimens of 
Pecten Valoniensis, Defrance., Avicula contorta, Port., Cardium Rheticum, Mer., Avinus 
cloacinus, Quenst., Gervillia precursor, Quenst., Pullastra arenicola, Strick., Pleuro- 
phorus angulatus, Moore, Myophoria postera, Quenst. 

The Bone Bed (w), a dark grey grit, or pyritic limestone, containing many small fragments 
of fishes’ teeth, bones, and scales, forms the Bone-breccia. I have collected Saurehthys 
apicalis, Ag., Gyrolepis Alberti, Ag., Hybodus reticulatus, Ag., Acrodus minimus, Ag., 
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and Nemacanthus filifer, Ag. The Bone-bed rests upon four feet of black unfossiliferous 
shales, very fissile and papery; and this bed, parted by a ferruginous band in the 
middle, rests upon a very irregular bed of grey, earthy, fine-grained sandstone, graduating 
downwards into a grey earthy limestone, containing lignite and some fishes’ scales, marked 
(v) in the section ; this is the last trace of life observed in the Marls which lie beneath, 
consisting of eighteen feet of cream-coloured, grey-green, and pale-red marly limestones, 
breaking up into unfossiliferous cuboidal masses; which overlie two feet of greenish- 
grey marls, breaking up like the preceding beds, and having thin seams of gypsum 
fillmg some oblique and vertical joints. These rest upon the deep-red marls of the 
Keuper beds. 

This detailed section of the Penarth cliffs' may be considered as the complement to 
my notes on the same at p. 10, and the vertical profile now introduced will enable the 
reader to make an interesting and instructive comparison between the Avicula contorta 
zone at Garden Cliff (fig. 1, p. 7), Aust Cliff (fig. 2, p. 8), and the fine coast section at 
St. Andrey’s Slip, near Watchett (p. 12). It will be observed that a certain amount of 
uniformity prevails throughout the series exposed on both banks of the Severn and on 
the opposite shores of the British Channel, whilst in the Paleontology of the different 
beds certain differences are noted which deserve study. Thus, the “stherza-bed and 
underlying shales, so characteristic of Garden Cliff, are not found at Penarth, but appear 
to be represented by a set of strata which occupy the position of the Lower White Lias 
series of Dorset and Somerset. 

‘The Pallastra-sandstone, with its large slabs of ripple-marked ledges, the ripples being 
parallel to the strike of the bed, and which sandstone is interposed between upper and 
lower bone beds at Garden Cliff, is absent at Penarth and the other localities. 

The Bone-bed at Aust, with its large Ceratodus teeth, representing several species of 
fossil fishes, and numbering many hundreds of individuals is unique. Iam not aware 
that the teeth of this genus of fishes are found in any other Rhetic Bone-bed in the 
British islands. The assemblage in the Bristol Museum was collected through several 
years by Mr. Higgins, and purchased from him by subscription for the Institution. 
Professor Miall’ has lately figured and described several of these fossils, to which I beg 
to refer. 


1 See Mr. Etheridge’s description and woodcut in the ‘ Transact. Cardiff Nat. Soc.,’ vol. iii, part 2, 
pp. 48, &c., 1872. 

2 Paleeontographical Society’s vol. for 1878, ‘On Sirenoid and Crossopterygian Ganoids,’ pp. 27—32, 
Pl. II—V, 1878. 
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SYSTEMATIC PART. 


THE STRUCTURE AND CLASSIFICATION OF THE CEPHALOPODA. 


Tue Crepnanopopa form the highest class of the Monuusca, in which the head is 
situated between the trunk and the arms, hence the name (xepadn, head, wove, foot). The 
existing forms are nearly all naked animals without shells, whilst the extinct groups were 
with a few exceptions the inhabitants of polythalamous shells, fashioned after the structure 
of the many-chambered shell possessed by the Pearly Nautilus. 

The trunk or body is symmetrical, thick, and soft, and has a spherical, oblong, 
elongated, or cylindrical form, enclosed in a fleshy muscular sheath or mantle, which 
envelopes all the viscera, furnishes a pair of lateral fins or appendages for locomotion, and 
in the naked species lodges in its substance the rudiments of an internal skeleton. 

The head, more or less distinct from the trunk by a contraction or neck, is large and 
round ; it contains the organs cf sense, mastication, and deglutition, and gives off from 
its anterior circumference a number of long fleshy processes or arms, which are either 
short hollow sheaths with retractile tentacles, as in the Pearly Nautilus, forming the 
order '‘TenracuLiFera (fig. 24), or form eight or ten solid arms, more or less elongated 
and flexible in all directions, supporting on their internal surface numerous suckers, by 
which the arms become powerful instruments for adhesion, prehension, and locomotion, 
hence the name AceraBuLirera for this order (fig. 14). 

The mouth, situated at the bottom of a conical cavity formed at the base of the 
arms, is provided with two horny or calcareous mandibles, resembling in form those 
of a parrot, and like them playing vertically upon each other, and enclosing a large fleshy 
tongue, partly covered with short, recurved, horny spines. 

The two eyes are very large and placed on each side of the head ; they are comparable 
m their structure with those of the Vertebrata ; and are sessile in the AcETABULIFERA, 
pedunculated in the TenracuLirera. 

A fleshy tube, the infundibulum or locomotive pipe, forms the passage through which 
the respiratory currents of water to and from the branchial chamber, and the excrement 
from the intestine, are discharged ; it is a musculo-mucous organ situated at the anterior 
part of the neck, like an inverted funnel, with a pipe projecting from the visceral cavity 
and directed forwards and outwards. 
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The branchiz are lodged in a chamber formed by the mantle; they are symmetrical 
in size, form, and position. In the Acetabulifera there are two branchiz, in the Tentacu- 
lifera four branchiz ; hence the former are called Dibranchiate, the latter Tetrabranchiate 
Cephalopods. The systemic circulation in all is aided by a muscular ventricular heart. 

The brain and nervous system are more highly developed and the ganglia more con- 
centrated than in other Mollusca, and they have special organs for all the senses, and the 
brain is protected in the naked species by a cephalic cartilage. 

The sexual organs are separate and exist in distinct individuals, the males are much 
less numerous than the females, and in many species are at present unknown. 

All Cephalopods are aquatic and marine, and natation is retrograde by the forcible 
ejection of sea water from the branchial chamber through the funnel. 

The shell is internal or external; when internal it consists of one or more horny or 
calcareous osselets embedded in the layers of the mantle, which serve for the protection of 
the brain and other internal organs. ‘The external shells are univalve, and are oe 
unilocular, as in the Argonaut (fig. 16) or multilocular, as in the Pearly Nautilus (fig. 24), 
in which the air-chambers form so many floats for lightening the specific gravity of “the 
animal. ‘The last chamber alone is the dwelling chamber, to which the body of the animal 
is attached by two powerful adductor muscles anda membranous tube, which passes back- 
~ wards from the body of the Nautilus to traverse all air-chambers of the shell (fig. 24). 
The Cephalopoda admit, therefore, of a natural division into two orders, characterised 
' by organic characters which do not admit of a.doubt. 

_ In one order the head is surrounded by numerous retractile tentacula; they have 
four branchize, and the Mollusc lives in the last chamber of a polythalamous shell ; 
these form the order TerRaBrancuiata or TentacuLirera. The second order have a 
naked body (with two exceptions, the Argonauta and Spirula) : the arms are solid, fleshy, 
flexible, and acetabuliferous, and the respiratory chamber contains two branchie ; these 
form the order Disrancuiata of Owen, or the AcrraBuLirERaA of d’Orbigny. All the 
Naked Cephalopods have the power of secreting a dark-coloured fluid, very miscible in 
water, and contained in an ink-bag formed of a tough fibrous membrane covered with a 
thin silvery outer lamina; this bag discharges its contents, at the will of the animal, 
through a duct which opens near the base of the funnel. The ink, as it is called, was 
formerly used for writing (Cicero) and in the preparation of sepia, and from its inde- 
structible nature is often found in a fossil state; and so well is the colour of the 
contents of the fossil ink-bags preserved in some fossils from the Upper Lias that I have 
frequently coloured diagrams with fossil sepia collected from these Lias beds." 


1 Tn the Museum of the Geological Society of London is a print of an Ichthyosaurus, drawn by De la 
Beche with fossil sepia on a lithographic stone of English Lias. 


170 THE LIAS AMMONITES. 


Order 1—DIBRANCHIATA, Owen, 1832. 


AcETABULIFERA, d’ Orbigny, 1840. 


Body naked, built for swimming. Head distinct, eyes large, sessile, prominent. 
Mandibles horny, moving in a vertical direction, arms eight to ten, provided with 
acetabula. Branchiz two. Heart with three chambers, one systemic and two branchial. 
Ink-bag always present. Funnel parietes entire. Shell in one family monothalamous 
external, and not adherent to the body of the animal. Other families have an internal 
siphoniferous polythalamous shell, or the rudiments of an internal skeleton in various 
stages of development are found in the substance of the mantle. 

With the exception of the Nautilus all the living Cephalopods belong to this order ; 
they appeared, as far as we at present know, for the first time in the Trias. One family 
only, the Belemnitide, is entirely extinct. 


Section A.—Octoropa, Leach, 1817. 


Arms eight, suckers sessile. Eyes fixed, inca- 
pable of rotation. Nuchal band between the head 
and mantle broad. Funnel without a valve. No 
distinct nidamental gland. Shell external, one-celled, 
and non-adherent. Internal shell, when present, con- 
sisting of rudimentary pieces. 

1. Family Octoropipa, Gray, 1847. — Arms. 
similar, elongated, and united at their base by a 
membrane; the eight arms are each provided with a 
double series of sessile acetabula, without bony circles. 
Shell represented by two short styles, according to 
Owen, embedded in the substance of the mantle. 
The Octopus vulgaris, Lam. (fig. 14), is the type of this family. 

2. Family Arconavtipsé, Reeve, 1841.—The two dorsal arms of the female Argonaut 


Fic. 14.—Octopus vulgaris, Lamarck. 


Tic. 15.—Argonauta argo, Linn. Fie. 16.—Argonauta argo, Linn. 


are expanded at their extremities, and secrete a symmetrical involuted shell, which is thin 
and translucent, and not moulded on the body of the animal, nor attached to it either by 
muscles or a siphonal tube. The coil of the spire is occupied by clusters of ova (fig. 16). 
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According to Madame Power and M. Rang, the Argonaut sits in its boat with its siphon 
towards the keel, as in figs. 15 and 16, swimming by the aid of its funnel action only, 
its dorsal arms being closely applied to the sides of the shell. It swims backwards 
by ejecting water from its funnel, and crawls at the bed of the sea in a reversed position, 
carrying its shell over its back. The Argonaut, like other testaceous Mollusca, secretes 
and forms the shell which it imhabits, although it does not adhere at any point to the 
shell, an observation long ago made and recorded by Aristotle. 


Section B.—Dercaropa, Leach, 1817. 


Naked Cephalopods, with an ovoid, cylindrical, or elongated body, having eight 
symmetrical arms provided with pedunculated suckers, surrounded with horny rings, and 
two long tentacular arms, proceeding from near the third and fourth 
paw of arms, and expanded at their extremity, as in Sepia elegans, 
d’Orb. (fig. 17). The body has a pair of lateral fins, and the funnel is 
usually provided with an internal valve. ‘The eyes are large, movable 
in their orbits, and without lids. The nidamental gland is largely 
developed. The shell is calcareous and internal, and loosely lodged y 
in the dorsal portion of the mantle in the Sepias. The style is formed 
of a cartilaginous blade or horny pen in the Calamaries. It is an 
internal siphoniferous polythalamous shell in the Sprruxipa, (fig. 23) ; 
and a phragmacone divided by numerous concave septa fitted upon a 
style or pen, in the extinct BrLuemnirip#; and in other fossil genera it 


Fie. 17. 
varies from these types. Sepia elegans a One: 
1. Family Loutcorsipa, Gray, 1840.—Body elongated and tapering posteriorly ; fins 
large, broad, and mostly terminal. Shell an internal pen or gladius of horny structure, and 
consisting of a shaft and two lateral expansions. The Calamaries swim well, and crawl 
head downwards on their oval disc. 

2. Family CuirotevtHIps, Gray, 1849.—Body resembles preceding, but differs in 
the unequal length of the arms, which are six times as long as the animal itself. The 
subjoined (fig. 18) Chiroteuthis Veranyi, Ferussac, shows the external development of the 
acetabular and tentacular arms. ‘The gladius is elongated, enlarged at each end and 
tapers in the middle. 

3. Hamily Seriapm, d Orbigny, 1835.—Body oval, fins lateral, as long as the mantle. 
Head large, united to the body by a broad nuchal band. ‘Tentacular arms long, wholly 
retractile. Sessile arms having four rows of acetabula, with horny circles. Funnel with 
an internal valve. Shell long and wide, thick in front, concave internally behind, and 
terminating in a prominent mwcro, composed of calcareous laminz, with intervening spaces 


172 THE LIAS AMMONITES. 


Fic. 18.—Chiroteuthis Veranyi, Ferussac. 


Fic. 19.—Sepia vermiculata, @’ Ord. 


filled with air and supported by columns, but not perforated by a siphon (figs. 17 


. and 19). 


4, Family Buuumnitipa#, Owen, 1836.—An extinct family. Shell consisting of a pen, 
terminating posteriorly in a chambered cone, sometimes inclosed in a sheath or guard. 


Fie. 20. Fig. 21. Fie, 22. 


Figs. 20—22.—Belemnites restored by d’Orbigny. 


The air-cells of the phragmacone are connected 
by a siphuncle close to the ventral side. The 
animal possessed an ink-bag, which is often 
found fossil cz sit. The arms were provided — 
with recurved hooklets, seen zz si¢i# in speci- 
mens found in the Oxford Clay. The figures 
20, 21, 22, on the margin are ideal restora- 
tions of the animal of the Belemnites, and 
drawn by the late Professor Alcide d’Orbigny, 
who considered that the complete test of 
Belemnites was composed of four parts inti- 
mately united together. These parts are—1st. 
Anteriorly a horny spatuliform blade, enlarged 
before and contracted behind. 2nd. A deep 
cup or conical alveolus containing a series of 
air-chambers. 3rd. An inferior siphon tra- 
versing the whole series of chambers. 4th. A 
calcareous sheath, more or less elongated, 
covering and protecting the alveolus, and con- 


stituting a true terminal rostrum, all which parts are shown ¢z sz in the above figures 


of the restored forms. 


5. Family Srirvutip#, d’ Orbigny, 1837.—Body oblong, with small terminal fins; 
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rows of sessile suckers. Tentacular arms elongated, 
funnel-valved. The shell, placed vertically in the posterior 
part of the body, with the involute spire towards the 
ventral side (fig. 23 a), is delicate, polythalamous, sub- 
internal, entirely nacreous, discoidal with separate whorls, 
and has a marginal or ventral siphon, c, concave septa, 
and round opening. ‘The animal is retained in place by 
the tendinous filament which penetrates the siphon as 
shown in the subjoined figures, and by the retractor 
muscular masses surrounding the last chamber (fig. 23 
6, c). The dead shells are scattered profusely on the beach 
throughout the tropics. ‘The animal is as yet imperfectly a ; 

Known, only one specimen was taken in the trawl by the "ts. 28.—Spirula australis, Lamarck. 


; : ! : a. Animal and shell in siti. 
Scientific Staff of H.M.S. Challenger, during her exploring ?- Shell entire showing chambers, 
i 1 ‘ ce. Section showing septa, chamber, and 
voyage round the world in 1873—76.* An important _ siphuncle. 
addition to our knowledge of this form, however, has been recently made in the valuable 


memoir by Professor Owen, F.R.S.” 


Order I1.—TETRABRANCHIATA, Owen, 1832. 
Tentacutirers, d Orbigny, 1840; Céphalopodes polythalames, Lamarck, 1812. 


With the exception of one genus of which the Pearly Nautilus (fig. 24) may be 
regarded as a type, the whole of the Cephalopods of this order belong to fossil forms. 
They were all provided with an external polythala- 
mous or many-chambered shell, symmetrical in SP 

form, like the body of the animal which is lodged in yee 

: yo nimal which is lodg GAL 
its last or outer chamber. As we only know the oy 
anatomy of the living representative of this extensive 
extinct order, all our observations on the structure \ \ ‘— 
of the animal refer to the Nautilus pompilius, so \ 
carefully dissected and admirably figured and de- = 
scribed by my old esteemed friend, Professor Owen.’ Pee ee tie POR CBIRn enee 
diiic@nead, whichis) closely ‘approximated to the ton) ofthe animal’in'the last chamber. 
body, is provided with a great number of cylindrical, annulated, retractile tentacles without 
acetabula, which surround the mouth, and are grouped as brachial, digital, ophthalmic, 
and labial, according to their position, The drachial, forty in number, are supported on 

1 Sir C. Wyville Thomson, ‘The Voyage of the Challenger,’ vol. ii, p. 350, 1877. 

2 “Supplementary Observations on the Anatomy of Spirula Australis,’ ‘Ann. and Mag. of Nat. 
Hist.’ for January, 1879. « 


3 «Memoir on the Pearly Nautilus’ (‘Nautilus pompilius, Linn.), 8 plates, 4to, 1832. 
3) 
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short conical processes, and the two superior or dorsal pair are conjoined and dilated 
into a muscular disk covering the whole upper part of the head; the remaining thirty- 
eight are disposed nineteen on either side, closely overlapping one another, and all are 
directed forwards towards the mandibles. The /adcal tentacles, forty-eight in number, 
extend from orifices situated on the anterior margins of four broad flattened processes 
arising opposite the base of the mandibles. The ophthalmic tentacles, four in number, 
project laterally, one before and one bebind each eye ; they appear to be sensory instruments, 
and resemble the cephalic tentacles in Doris and Aphysia. he eyes are pedunculated, 
and of a simple structure: the organ of hearing was not detected. 

The branchie, four in number (fig. 25 6, 4), are inclosed in the respiratory sac, 
without branchial hearts. 

‘he circulating system is provided with one ventricle which is systemic, and propels 
arterial blood throughout the body (fig. 25 ¢). There is no ink-bag in the animals 
inhabiting these camerated shells. The funnel, which occupies the floor of the body- 
chamber, is divided by a longitudinal slit, and inside there is a valve-like fold (fig. 25 s). 

A large dilatable and contractile tube is continued from the posterior part of the 
animal through all the partitions and chambers of the shell, as shown in fig. 24; this is 
the siphuncle, which is a vascular tube that opens into the cavity of the pericardium 
containing the heart, and is probably filled with sea water from the branchial (fig. 25 ¢) 
chamber. 

Soon after the appearance of Dr. Buckland’s “ Bridgwater Treatise,” I published, in the - 
‘Philosophical Magazine,’’ a paper on the action of the siphuncle in the Pearly Nautilus, 
. in which I pointed out what appeared to me, as an anatomist, the discrepancy between 
the structure of the animal and the explanation given by the author, who observed, 
“The last contrivance, which I shall here notice, is that which regulates the ascent and 
descent of the animal [the Nautilus] by the mechanism of the Siphuncle. The use of this 
organ has never yet been satisfactorily made out; even Mr. Owen’s most important 
Memoir leaves its manner of operation uncertain; but the appearances which it occa- 
sionally presents in a fossil state, supply evidence, which taken in conjunction with 
Mr. Owen’s representation of its termination in a large sac surrounding the heart of the 
animal, appears sufficient to decide this long disputed question. If we suppose this sac 
to contain a pericardial fluid, the place of which is alternately changed from the pericar- 
dium to the siphuncle, we shall find in this shifting fluid an hydraulic balance, or 
adjusting power, causing the shell to sink when the pericardial fluid is forced into the 
siphuncle, and to become buoyant whenever this fluid returns to the pericardium. On 
this hypothesis also the chambers would be continually filled with air alone, the elas- 
ticity of which would readily admit of the alternate expansion and contraction of the 
siphuncle in the act of admitting or rejecting the pericardial fluid.’” 


P . : : 2 Sry! aay 

' «The London and Edinburgh Philosophical Magazine,’ vol. xii, p. 503, 1838. 
aye ; seh a Ae aetna 

* Bridgwater Treatise, ‘Geology and Mineralogy,’ vol. i, p. 325, 1836. 
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The Nautilus passes the greatest portion of its life at the bed of the sea, but it has 
been seen occasionally at the surface, and the question naturally arises, What are the 
conditions necessary to accomplish its ascent and descent, so that the animal should 
possess the will and power of rendering itself specifically lighter and heavier than the 
ambient element? Dr. Buckland’s theory allows only of a change of place in the 
adjusting fluid from the pericardial cavity into the siphunele, and vice versd. ‘The 
accompanying outline, fig. 25, from Prof. 
Owen’s dissections, shows the relative 
position of the internal organs :—a a is 
the enveloping fleshy mantle, dissected 
off to expose 4 4, the branchie, floating 
in c, the branchial chamber for the re- 
ception of the water; d is the heart, 
with its large vascular canals surrounded 
by clusters of glandular follicles, e e; 
the capacious pericardium, f/f, is laid 
open to show its boundary and relation 
to the central organs of the circulation ; 
it is partially divided internally by 
thin muscular septa, g g. From the 
posterior wall of the musculo-membra- 


nous bag there proceeds the siphuncle, 
s s, destined to traverse all the cham- 
bers of the shell, and the arrow shows 
the direction of this aquiferous tube. ae Bere. me es eee cissecsed sy tee 
wen to show the manner in which the siphuncle terminates 
Anteriorly the pericardium communicates in the pericardium, and how the pericardium opens by two 
with the branchial chamber, c, by two °° into the branchial chamber. 
apertures, 4, through each of which a bristle is passed to indicate the channels of com- 
munication. From this arrangement it is evident that the pericardial bag has three 
openings, one behind, which conducts the water into the siphon, and two before, which 
open into the branchial chamber, into which sea water is constantly flowing to bathe the 
respiratory organs, so that water alone is the ballast by which the Nautilus is retained at 
the bottom, and its ejection the means by which it lightens its shell and is enabled to 
rise to the surface at pleasure. Thus, by relaxing the anterior orifices, 2 4, that com- 
municate with the branchial chamber, the water will flow into the pericardial sac, and 
thence into the siphuncle, s. During this distension the animal and shell will be specifi- 
cally heavier, and the Nautilus, without any other muscular effort, remains at the bottom, 
whilst by emptying the tube it becomes specifically lighter and floats up to the surface. 
The body of the Nautilus is firmly attached to the shell by two lateral muscles which 
are inserted into the walls of the last or dwelling chamber. 
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The head is provided with a large ligamento-muscular plate, or flattened disk, formed 
by the junction and dilatation of a pair of dorsal tentacles, which, besides acting asa 
defence to the opening of the shell, serves probably for creeping along the bed of the sea, 
like the foot of a Gasteropod, as the Nautilus has neither fins nor natatory organs, and 
moves through the ocean by the ejection of the sea water out of its locomotory funnel. 

The mandibles are strengthened by a dense external calcareous coating, which forms a 
dentated margin on the jaws. 

The shell is involute or discoidal, few-whorled, and many-chambered, as seen in the 
shell of Nautilus umbilicatus, Lam. (fig. 26), and in the section of Nautilus pompilius 
(fig. 27), as well as in the section of the fossil species Mautidus striatus (fig. 28) from 
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Fic. 26.— Nautilus umbilicatus, Lam. Fic. 27.—Section of the shell of Nautilus Fig. 28.—Nautilus striatus, Sow. 
pompilius, Linn. Section of a fossil Nautilus, showing the 
position of the siphuncle. 
the Lias Formation. The septa are here seen to be concave towards the aperture, and 
convex towards the spire; near the centre of each septum a short funnel-shaped process 
projects backwards (fig. 27); around this the membranous siphuncular tube is firmly 
attached, by which ‘a continuous pipe extends from the pericardium to the first chamber 
of this polythalamous shell (fig. 24). The outer laminz of the shell are porcellaneous, 
and the inner nacreous; and the Chinese and others carve a variety of patterns out 
of the opaque porcellaneous portion of the Nautilus shell, which are relieved by the 
pearly layer beneath, which forms the background of the object. The living Nautili have 
the external surface of the shell smooth, but among the fossil forms many of the species 
are variously sculptured. The aperture of the shell in the Pearly Nautilus is closed by a 
disc or hood formed by the union of the two dorsal arms which are homologous to the 
shell-secreting “sails” of the Argonaut (figs. 15,16). In the Ammonrrrp# we shall 
sometimes find the dwelling-chamber provided with a singular body, the T'rzgonellites, 
Park., or Aptychus, Von Meyer, which played an important part in the organic func- 
tions of this large extinct group of tetrabranchiate Cephalopods. 
This order is divided into two sub-orders, the Navurrnoipa and the AmMonomDA. 
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The characters are entirely derived from the structure of the shell. With the exception 
of the two living species of the genus Wawtilus all the others are extinct. It will, there- 
fore, be necessary to review these genera in detail in order to understand their natural 
relations and true affinities with the other members of the sub-order to which they belong. 


Sub-order 4.—NAUTILOIDA, Wright, 1880. 


Shell with a large body-chamber, simple aperture. The siphuncle for the most part 
central or columellar, with the tube directed backwards. Septa simple and concave 
towards the aperture; on the removal of the shell the margin of the septa shows simple 
curved lines, corresponding with the curve of the septum (fig. 27). 

The following groups belonging to this order have been described : 


1. Family Navriip#£, Owen, 1836.—Shell always convolute and discoidal. 


Genus.—Navtitus, Breynius, 1732. Shell camerated, spiral, discoidal; whorls 
regularly convoluted on same plane, chambers separated by concave septa; siphuncle 
central or subcentral; Silurian to present period. 


2. Family Larvitipm, Wright, 1880.—Shell convolute and discoidal in youth, and in 
old age projecting forwards in a straight line. 


Genus.—LitvuitEs, Breynius, 1732. Shell camerated, spiral, discoidal ; early whorls 
distinct and contiguous, but the last ceases to be contiguous, and projects forward in a 
straight line, so as to form, with the first, a kind of crooked staff. The last chamber very 
large, with a simple circular opening, destined to contain the animal. Siphuncle central or 
sub-central. Silurian. 

Genus.—Hortoius, Montfort, 1808. Shell camerated, spiral, discoidal, with whorls 
non-contiguous. ‘The last projects in a straight line; and the whole forms an elongated 
crooked staff. Silurian. 


3. Family Avtoceratipa, Wright, 1880.—Shells more or less bent. 
Genus.—Avtoceras, @’ Orbig., 1847 ; Cornicutina, Minster, 1843. Shell resembles 


a bent horn, regularly arched. Siphuncle subcentral. Carboniferous Limestone. 


4. Family Orrnoceratipa, Woodward, 1851.—Shells straight. 


Genus.—Ortnocrras, Breynius, 1732.  Ornrnoceratites, Auct.; CoNILIrEs, 
Lamarck, 1822; Hyozrruns, Eichwald, 1840; Cycnocnras, M’Coy, 1844. Shell 
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straight, elongated, conical, camerated in the greatest portion of its length. Septa trans- 
verse, simple, concave forwards. Siphuncle complicated, central or subcentral. Aperture 
simple, circular, sometimes banded. A very extensive genus; some of the species 
attained large dimensions; and, from fragments, it is estimated that O. giganteum 
might have been six feet long and above a foot in diameter. From Silurian to Triassic 
strata. The Orthoceratide now form a family composed of many genera that have been 
dismembered from Breynius’ group. 

Genus.—CameEroceras, Conrad, 1842; Menta, Fischer, 1829. Shell straight, 
elongated, conical; siphuncle lateral, sometimes large. Moulds of these large siphuncles 
were called Hyolites by Eichwald. LL. Silurian to Trias. 

Genus.—ActINnocERASs, Bronn, 1835. Siphuncle very large, inflated between the 
chambers, and connected with a central tube by numerous radiating plates. Silurian, 
Devonian, Carboniferous ; North America, Baltic, and British Islands. 

Genus.—Ormoceras, Stokes, 1838. Siphuncular beads constricted in the middle, 
making the septa appear as if united to the centre of each. They are essentially the 
same as Actinoceras. Lower Silurian ; North America. 

Genus.—Horonta, Bigsby, 1824. Shell very thin. Siphuncle very large and 
central, the upper part of each joint inflated, connected with a small central tube by 
radiating plates. Lower Silurian; Drummond Island, Lake Huron. Dr. Bigsby saw 
some specimens in the Limestone of Drummond Island six feet in length. 

Genus.—Envoceras, Hall, 1847. Shell straight, elongated, conical. Siphuncle large 
and marginal, thickened internally by repeated layers of shell, or partitioned off by a series 
- of funnel-shaped diaphragms. Lower Silurian; North America. 


5. Family TRocnoceratipaz, Wright, 1880.—Shells bent into a turbinated form. 


Genus.—Trocnoceras, Barrande, 1847. Shell spiral, helicoidal. Position of 
siphuncle unknown. Lower Silurian, Bohemia. 


6. Family Gomproceratipa, Pictet, 1855.—Shell fusiform, narrower before than in 
the middle, and with a contracted aperture. 


Genus.—GomPnoceras, Sowerby, 1839. Aptocreras, Fischer, 1844, Potrrioceras, 
1844, M*‘Coy. Shell fusiform or globular, with a tapering apex. Aperture contracted 
in the middle. Siphuncle moniliform, subcentral. Silurian, Devonian, Carboniferous ; 
North America and Europe. 

Genus.—Oncocrras, fall, 1847. Shell like Gomphoceras, but curved. Siphuncle 
external. Silurian; North America. 


THE CEPHALOPODA. 179 


Genus.—Sycocrras, Pictet, 1844 Shell short, straight, oviform. Septa trans- 
verse, numerous, simple. Silurian to Devonian. 

Genus —Puracmoceras, Broderip, 1834; Campunitus, in part, Deshayes, 1830; 
Puracmonitues, Conrad, 1838. Shell compressed laterally, conical, regularly bent 
in its length, but not spiral. Septa simple, transverse. Siphuncle very large, subcentral, 
near the internal margin. The outer chamber large, expanded, terminated by a longi- 
tudinal aperture contracted into a fissure, the posterior extremity of which is dilated 
into a large transverse sinus; and the anterior extremity is prolonged into a smaller 
subcircular sinus, forming a tube. Upper Silurian and Devonian. 


7. Family Gyroceratipa, Pictet, 1854.—Shell spiral; septa simple; siphuncle 
external; aperture large. 


Genus.—Cryptoceras, d@’ Orbigny, 1847. Shell spiral, discoidal; whorls contiguous, 
embracing. Septa simple, arched, without lobes and sinuosities. Siphuncle dorsal. 
The species are found in the Devonian and Carboniferous formations. 

Ex. C. subtuberculatum, V Orb. (fig. 29). 


Fic. 29.—Cryptoceras subtuberculatum, @ Orb. Fie. 30.—Gyroceras Eifeilense, d’Orb. Fie. 31.— Gyroceras ornatum, d’Orb. 


Genus.—GyYroceRas, von Meyer, 1829. Inacuus, Hisinger, 1837. Shell multilocular, 
discoidal, with a regular spire, composed of. non-contiguous whorls, rolled on the same 
plane. Septa regular, with simple and symmetrical margins; the last chamber very 
large, occupying a third of the last whorl. Siphuncle thin, subdorsal. Aperture oval or 
angular. Gyroceras is to the Nautilus what Crioceras is to the Ammonite. Upper 
Silurian and Devonian. Ex. G. ornatum, d Orb. (fig. 31). 

Genus. — Cyrtocreras, Goldfuss, 1833. Campytocrras and ‘TriGonoceras, 
M* Coy, 1844. Shell multilocular, not spiral, representing an oblique horn more 
or less bent. Septa transverse, oblique, with simple borders. Aperture in general 
oval and compressed. Siphuncle continuous, often dorsal; the last chamber much 
larger than the others. Found in Silurian, Devonian, and Carboniferous formations. 
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8. Family Cuymuntp%, Edwards, 1849.—Shell discoidal, more or less involute ; septa 
simple or slightly lobed ; siphuncle internal or columellar. 


Genus.—CLYMENIA, Miinster, 1832. Enposipnonites, Ansted, 1840. Shell spiral, 
discoidal, with contiguous whorls, more or less involute; septa form a distinct lobe on 
the sides, with angles more or less acute; siphon small, internal, situated against the 
turns of the spire. Species numerous in the Devonian of Europe and N. America. 


Fic. 32.—Clymenia Sedgwickii, Munst. Fie. 33.— Clymenia striata, Mist. 


Sub-order B.—AMMONOIDA, Wright, 1880. 


Shell spiral, bent, or straight, with a capacious dwelling-chamber. Margins of the 
‘septa angular, digitate, or much ramified, forming large lobes. Siphuncle marginal, 
_ external with regard to the shell, or anti-columellar. ‘This section is divided into three 

Families, the Goniatites, the Ceratites, and the Ammonites. 


1. Family Gontatitipa, Wright, 1880.—-Shell rolled into a close spiral ; septa with 
angular margins. 


Genus.—Gontatitrs, De Haan, 1825. Acaniprs, Monffort, 1808. Shell spiral, regu- 
larly rolled on the same plane, with convolute contiguous whorls. Septa transverse, 


) 


Fie. 34.—Goniatites Hoeninghausi, Fic. 35.—Goniatites Orbignyanus, Fic. 36.— Goniatites rotatorius, 
Bronn. d’Archiac. de Keninck- 
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forming deep angular sinuses without denticulations, with a prominent siphonal lobe 
(figs. 34, 35, 36). An extensive genus, containing many species, distributed from the 
Silurian to ‘Triassic strata. Ex, Goniatites. Orbignyanus, dArchiac (fig. 35). 


2. Hamily Cxrarivipa, MWojsisovics, 1879.—Shell spiral, discoidal; septa undulate, 
with denticulate borders. 


Genus.—Crratites, De Haan, 1825. Shell spiral, discoidal ; whorls contiguous, 
convolute. Septa undulating, but not ramified, with denticulate borders. Siphonal 


Fic. 37.—Side view. Fie. 38 —Back view. Fie. 39.—Ceratites Robini, Fig. 40.—Ceratites semipartitus, 
Ceratites nodosus, De Haan. Thiolliere. von Buch. 


lobe deep, separated on the median line by a small saddle (fig. 38). The Ceratites range 
from the ‘T'riassic to the Cretaceous. Hx. C. nodosus, De Haan (fig. 37); C. Robini, 
Thiolhere (fig. 39). C. semipartitus, von Buch (fig. 40). 


3. Hamily AMMONITIDA, Owen, 1836. 


Shell external, spiral, bent or straight, the last chamber large for a dwelling-place. 
Siphuncle central on the external or ventral side of shell. The margins of the septa 
ramified, with deeply lobated borders, divided into six lobes. Ist. The siphonal (p, 
figs. 4] and 43), embraces the siphon, and divides into two arms, which are attached 
by a shelly layer to the siphuncular tube. 2nd. The two that adjoin are called 
the superior lateral lobes (1). 3rd. The two that lie beneath them are the inferior 
lateral (1), which often are much developed and very complicated in the ramifications of 
their lobes (figs. 41 and 43). 4th. The lobe which rests upon the side opposite the 
siphonal lobe and siphon is the columellar lobe (vy, fig. 46). Between this and the 
inferior lateral are several auxiliary lobes (a, a, a, a, fig. 43). Thus there are in 
each septum six primary, viz. one siphonal, one columellar, and four lateral lobes, also a 
variable number of auxiliaries. When we examine an Ammonite in which the 

24 
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marginal septal foliations are well shown, we observe that all their poimts are 
directed away from the aperture (figs. 41 and 43), and the concavities or rounded 
parts are directed towards the aperture (fig. 45). The outlines of the septa are termed 


Fig 41.—Disposition of the lobes in Fie. 42.—Mould of the lobes in 


Fic. 43.—Disposition of the lobes in 
Amaltheus margaritatus, Montf. Amaltheus pustulatus, Miinst. 


Phylloceras heterophyllum, Sow. 


sutures; when they are folded, the elevations are called saddles, and the inter- 
vening depressions /oées. In the Ceratites (figs. 837—40, and 44) these parts are very 


\an \ wth 


yr 


\ 
\ 


Fic. 44.—Disposition of the lobes in Fic. 45.—Form of the subdivisions of 


Fie. 46.—Mould of the disposition 
Ceratites nodosus, De Haan. the lobes in Ammonitide. 


of the lobes of Phylloceras. 


simple, and here we see the rounded saddles directed forwards and the dentated lobes 
turned backwards; the same is the case in <Amaltheus margaritatus (fig. 41), and 
Phylloceras heterophyllum (fig. 43), with this difference, that im all the Ammonitide the 
sutures are very long, and the lobes and saddles highly complicated accordingly. 

In the dwelling-chamber of Ammonitide we sometimes find a remarkable body, 
having some resemblance to a bivalve shell widely opened; this is called the Aptychus 
which has been the subject of much speculation and difference of opinion as to what it is and 
what it did in the economy of the Ammonite. Its form and structure differ materially 
in the different species, so that whenever the 4pychus of an Ammonite is found in position 
it ought to be correctly drawn and accurately described. In the plates of this work 
several authenticated forms in connection with their shells are figured, and will be 
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described in the sequel. My late friend, Dr. Oppel, in his ‘ Mittheilungen,’* figured and 
described many species of Ammonites from the ‘“‘ Malm”’ or upper Jurassic of Germany 


Fig. 47. 


and Switzerland, in the outer chamber of which the Aptychi are preserved. These fossils 
are very instructive, and teach us that each species had its own special form of Aptychus 
just as it had its own form of aperture and ornamentation (figs. 47, 48, and 49). 

It is interesting and curious to note the various ideas that have prevailed about these 
bodies. Dr. Scheuchzer’ first noticed the Aptychus, and described it as Concha fossilis telli- 
noides porosa levis. Dr. Knorr’ considered the Aptychus as the valves of Lepas anatifera, 
with which it has some resemblance in form, but differs in structure. Parkinson‘ called 
it Zrigonellites, and described it “as a slightly rounded, trigonal, thick shell, gaping on 
each side. ‘The anterior margin nearly on a straight line, the posterior in a gently waving, 
and the upper side in nearly a circular direction. The outer surface of each valve thickly 
pierced by foramina, which passing nearly through its substance gives it the cancellous 
appearance of bone, the inner surface smooth, but marked with striae, concentric with the 
upper margin. The hinge completely linear without teeth, there being only an appro- 
priate surface on the anterior margin of each valve for the attachment ef the cartilage 
externally. No appearance of muscular attachment.” Bourdet,’ of Nievre, considered 
Aptychi to be the palatine teeth of fishes, and proposed the name Ichthyosagones for these 
fossils. HH. von Meyer,’ in his ‘Memoir on the Aptychus, described the form struc- 
ture of Aptychus levis as essentially cellular and entirely different from that of the 
ordinary bivalve shells of Mollusca, inasmuch as the lines of growth are never visible on 


1 «Palaeontologische Mittheilungen aus dem Museum des Koenigl., Bayer Staates, 1862, see 
plates Ixviii to Ixxiv. 

2 ‘Specimen Lithogr. Helvet.,’ p. 21, 1718. 

3 * Lapides diluvii universalis testes,’ 1755. 

4 «Organic Remains,’ vol. 111, p. 184, pl. xiii, figs. 9—12, 1811. 
5 © Notice sur des Fossiles inconnus,’ Paris, 1822. 
6 «Noy. Act. Acad. Coes. Leop.-Car. Nat. Cur.,’ xv, 2, p. 125, 1831. 
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the internal surface of the valve, that surface being covered with a nacreous layer, which 
retains the muscular and pallial impressions of the animal. In the Aptychus we never 
see these impressions on the inner, whilst the lines of growth are visible on the external 
surface. M. Voltz’ attempted to prove that the Aptychus was the operculum of an 
Ammonite, because it resembled the opercula of Gastropods in the structure of its 
shelly laminee, and the style of its lines of growth, and likewise because it was frequently 
found in the last chamber of the shell; and this opinion was held by Professors 
Riippel, Quenstedt, and Deslongchamps, on the Continent, and by Professors Owen, 
Morris,” and Dr. Woodward,* in England. M. Deshayes* contended that the Aptychus 
was not the operculum of an Ammonite, but belonged to some of the internal organs 
of the animal, probably the inner walls of the stomach. M. Coquand’ regarded the 
Aptychus as the analogue of the internal osselets of some Dibranchiate Cephalopods, 
as the Zeudopsis, aud thought the two genera ought to be grouped in the same family. 
This author had found specimens where the two halves of the Aptychus were united and 
formed a single bilobed body, traversed in the middle by a carina, and this he 
compared to the stem of the osselets or pen of the Zewdopsis (figs. 47 and 49). The lines 
of growth and absence of muscular impressions M. Coquand considered to be important 
analogies in support of his views. 

Professor Pictet,° after reviewing the opinions expressed in the different works already 
cited, and giving the results of his own studies on the Apfychus, avowed that amidst all 
these diverse opinions it was difficult to pronounce upon the true affinities of these singular 
fossils, which he grouped into three sections : 

Ist. The Cornet, with a thin, smooth, horny shell; all from the Lias and Inferior 
Oolite. 

2nd. The Impricatr having the same horny plate, but covered by a calcareous test, 
with large folds representing an imbrication; these are found from the Lias up to the 
Crave marneuse (étage turonien) of the Cretaceous Formation. 

3rd. The CeLnunosr the thickest of all. The horny lamina is covered by a 
cellular layer, which resembles the structure of certain Madrepores, and this cellular 
portion is again covered by a smooth compact deposit. This group is found in the 
Oxfordian stages of the Jurassic Rocks, and extends upwards into the Upper Greensand 
of the Cretaceous Formation. 

Keferstem’ thought these bodies were sexual characters, and suggested that the 
Aptychus formed the protector to the nidamentary gland in the female Ammonite; and 

1 «Mem. de la Soc. d’Hist. Nat. de Strasbourg,’ t. 11, 1836. 

* Note on Aptychus in ‘Ann. and Mag. Nat. Hist.,’ vol. x (2nd series), p. 336, pl. v D, fig. 1, 1852. 

3 «Manual of Mollusca,’ p. 8C, 1851. 

4 «Mem. Soc. Géol. de France,’ t. iii, p. 31, 1838. 
5 * Bull. de la Soc. Géol. de France,’ t. xii, p. 37 
6 «Praité Element. de Paléontologie,’ t. ii, p. 385, 
7 “Bronn’s Klassen und Ordnungen des Thier.,’ III 2, tab. 113, 1860. 
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Dr. Waagen,' in view of clearing away the difficulties that surrounded the question, 
dissected a female Maztilus pompilius, and has given beautiful drawings of the 
nidamental gland in that Mollusc, showing the abdominal surface of the Wautilus, 
the position of these glands, and their relation to the other viscera. After a careful 
and exhaustive examination of all the anatomical facts disclosed by his dissection, he 
concluded that the Apfychus appears to have belonged to the nidamentary gland of the 
female Ammonite. 

In his recent memoir on the chambered shells of Cephalopods, Professor Owe? 
reviewed in detail the various opinions expressed on the functions of the Aptychus, and 
remarked “in respect to the nidamental glands, that they are subject to seasonal changes 
and gain the relative bulk with which the size of the aptychal plates accord only at the 
period of discharge of the impregnated ova, for which they have to furnish the protective 
coat or nidus. Such seasonal change is exemplified in the figure of these glands given 
im the ‘Memoir on the Nautilus, of 1832, and in that which is shown in taf. xix of 
Waagen’s treatise in 1871. Moreover, in not one of the existing genera or species of 
Cephalopoda, MVautilus included, in which these glands are superadded to the more 
essential organs of generation, are they encumbered in any way or degree with such 
calcareous plates, as Keferstein’s hypothesis applies to them in the Ammonite. 

‘In the application of the anatomy of the constructor of the Pearly Nautilus to the 
solution of the problem of the nature and function of the Trigonellites I was led to regard 
them as the homologue of the organ, or a portion of the organ in WVautilus, which is of 
a fibrous texture resembling dense corium, called, from its shape and position, the hood 
(fig. 24), and which, when the animal had withdrawn into its dwelling, would serve as a 
rigid defence at the outlet of the shell.? It needed only that this part should be more 
or less calcified to form the preserved portions of an operculum like that ascribed to the 
Ammonite. The relative size of the Aptychus agrees with that of the shell. It has been 
found to measure seven inches six lines in length, and six inches in breadth, in gigantic 
Ammonites.” [I myself have a specimen collected from the Middle Zone of the Lower 
Oolite which measures five inches in length and four in breadth, and probably belonged 
to a large Harpoceras Sowerby, which is the only Ammonite with a whorl of that size 
and shape found in the bed from whence it was collected. | 

“Tt may be doubted whether the nidamental glands ever increased in the same 
ratio ; and it is still less likely that they needed such defensive plates in their season of 
rest and attenuation. If, therefore, my homology of the symmetrical halves of the 
Nautilus hood with the parial Trigonellites (Aptychus, v. M.) be preferably accepted the 
supposition that these parts are calcifications of an Ammonite’s hood may be deemed 

1 “Ueber die Ansatzstelle der Haftmuskeln beim Nautilus und dem Ammoniden,”’ ‘ Paleeontographica,’ 
Band xvii, p. 185, pl. xxxix, Cassel, 1867—1870. 

_ 2 «On the Relative Positions to their Constructors of the Chambered Shells of Cephalopods,” ‘ Pro. 


of the Zool. Soc. of London,’ p. 955, 1878. 
5 ‘Memoir on the Pearly Nautilus,’ p. 12, pl. iii, fig. 1, 1832. 
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reasonable. That the fibrous basis of the hood was retained in different degrees in the 
Ammonites is indicated by the simply corneous or chitinous condition of the Aptychus 
which has been preserved in some examples of ” Harpoceras Levisoni, Aegoceras planorbis, 
Sow., Pl. XIV, fig. 38, and many other forms from the Lias, and Oppelia subradiata, 
Sow., from the Inferior Oolite of which a beautiful specimen with its Aptychus in siti 
is to be seen in the British Museum.! 

‘The conjoined plates of the dptychus (figs. 47, 48,49) forma triangular dise, of which 
the base is backward, excavated to receive the involute part of the shell, with the sides of 
the base, like the corresponding lobes of the hood, bent down to cover the laterally 
extended parts of the wider terminal coil of the shell. Even in the contrast between the 
papillose wrinkled outer surface and the smooth inner surface of the ‘hood’ of Nautilus 
the resemblance to the ‘ Aptychus ’ of the Ammonite is carried out.” 


Leopold von Buch,’ in 1830, introduced an important reform in the grouping of 
Ammonites by showing how the foliations of the septa retained certain fixed forms in the 
species, and considerable differences in each of the twelve groups into which he classified 
these fossils, and which he thus defined : 

I. Arteres.—Upon the sides of the whorls a large number of thick simple ribs 
or radi are developed, which all bend forward near the back. The siphuncle projects 
outwards from a channel which extends on each side of it, and this bisulcation of the 
siphonal area separates the ribs on the sides from each other (fig. 52). The lobes of the 
division wall of the chambers have the following form :—The s¢phoual is almost as deep 


Fie. 50.—Arietites rotiformis, Fie. 51.—Arietites obtusus, Fic. 52. Fig. 53.—Section of Arietites 
Sow. Side view. Sow. Side view. Back view. obiusus, Sow. Showing 
the size of the dwelling 

chamber. 


as it is broad. The poimt of adhesion to the sheath of the siphuncle is exactly in the 
middle of its depth. The wpper lateral does not extend to half its depth, and is sometimes 


' Described by Dr. S. P. Woodward in a short memoir on “ An Ammonite from the Inferior Oolite 
with its operculum zz sitd,” ‘Geologist,’ vol. iii, p. 328, 1860. 

* “Ueber die Ammoniten in den dlteren Gebirgs-Schichten, p. 135; Akademie der Wissenschaften 
zu Berlin, ausdem Jahre 1830. 
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even as broad as it is deep. The /ateral saddle rises far above all the others, and stands 
upon the ground of the upper lateral, in general twice the height of the siphonal saddle. 
The /ower lateral is likewise much broader than deep ; and the columellar saddle is so small 
that it does not reach to half the height or breadth of the /ateral saddle. This remarkable 
disposition of the lobes is constant in all the species, and occurs in no other group. 

The Ammonites of this family are in general found in great numbers together. 
Whole strata are sometimes composed of them; and they often grow to a very large size, 
from one to two feet in diameter. ‘They are exclusively and only special to the Lias 
formation, and particularly in the lower beds thereof, where we find many different 
species. It is still remarkable that this group stands wholly isolated from all the others. 
The following are typical forms, and for the structure of the foliations of the septa see 


Pl. III and IV. 


Arietites Bucklandi, Sow. Arietites rotiformis, Sow (fig. 50). 
—  Oonybeari, Sow. —  stellaris, Sow. 
—  bisuleatus, Brug. — semicostatus, Young. 


II. Fancirer1.—In this group it appears that the mantle which formed the 
lobes and radii had been capable of a certain amount of pliability, 
for all rigidity among these forms vanishes. The extremely rami- 
fied lobes surprise us through their digitations, always more or less 
dependent, by which the lobes in their deepest part appear 
not only pointed, but of considerable breadth, scarcely narrower 
than at their mouth. ‘The less incised are especially flat and le Zp 
almost all at the side of the lateral saddle, in a line behind one Si 
another, which is almost also the radius of the whorl. The siphonal enna me 
lobe, much shorter than the upper lateral, pushes the pointed ends num, Schioth. 
of both its arms obliquely against the lateral, so that both arms diverge considerably, and 
its walls do not ascend vertically, but obliquely towards the siphonal saddle. (Fig. 54.) 

When the shell is complete the radii and folds upon the sides are in the highest 
degree fine and delicate. It is the external layer of the shell, which filis in all uneveness 
between the thickness and divisions of the folds of the under layer. All these folds and 
radii first bend forward, then turn backward, and near the back again turn towards the 
mouth opening, so that a well-marked, strongly-bent sickle is formed thereby. The inner 
border of the whorl is always blunted by an especial sharp plane surface. The siphonal 
area in most cases runs out into a sharp ridge, which consists of the siphuncle. This 
family is extremely rich in species, most of which are special to the Upper Lias, some 
are found in the Middle Lias and others in the Lower Oolite. The Falcifers never occur 
in the upper members of the Oolitic series. he following are good types of the genus 
Harpoceras, which comprehends the Faucireri, von Buch. 
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Harpoceras serpentinum, Schlotheim (fig. 54). Harpoceras insigne, Schiidler. 
— radians, Reinecke. —_ thouarsense, @’ Orbigny. 
-- bifrons, Brugueere. — opahnum, Leinecke. 


11]. Amauruer.—The sickle vanishes, the radii have a very long stem, which bends 
only near the siphonal area, becoming here very prominent. The 
margin is sharp, the keel often divided by the folds as if into scales. 
The siphonal lobe is here also much shorter than the upper lateral, 
and its wall ascends obliquely up to the siphonal saddle, but not 
by any means so obliquely as in the Falcifert. ‘The upper lateral 
is very broad, almost as broad as it is deep, so also is the under 
lateral. The saddles, as well as the lobes, are extensively foliated, 
so that in these lobes large and wide outstretched processes are 
formed in the middle of the saddles, with very deep secondary 
lobes. The points of the dentations do not hang down, but in 
general stand perpendicularly upon the axis of the lobes. . By this means the sides of 
Amaltheus in all the species, even when the shell is wanting, have an especially foliated, 
incised appearance, in which great intricacy appears to prevail. Notwithstanding, with 
some attention we easily, even to the least detail, find the ever-repeated symmetry as well 
in the individual points as in both sides of the whorls. These Ammonites are much 
inclined to become involute. The family ascends from the Lias up to the Coralline 
Limestone of the Middle Oolite, and each intermediate formation possesses its own 
special forms. The following are typical species from the Lias and Coral rag. 


Fic. 55.—Amaltheus cordatus, 
Sow. 


Amaltheus margaritatus, Montfort. ! Amaltheus oxynotus, Quenstedt. 
= Guibalianus, d@’ Orbigny. — spinatus, Bruguiere. 
== Greenhoughi, Sowerby. — cordatus, Sowerby (fig. 55). 


IV. Capricorni.—This group connects itself very closely with the AmaLtTunt. 
From Amaltheus margaritatus, through Amal. cordatus, Amal. Lamberti, and Amal. 
omphaloides, we arrive at Aeg. capricornum. ‘The scales upon the keel of these 
Ammonites have even raised themselves higher, and are first bent 
forward, then become broad folds with a point before. ‘Lhe siphonal 
area of the Capricornt is broad, often broader than the sides. The 
siphuncle is not specially prominent, the ribbing of the folds 
on the sides is in general unusually strong, always single, even on 
the back; without much flexion, and rarely with knobs or spines 
upon the sides. The siphonal lobe in general goes out perpen- 
dicular with vertical walls. The lateral lobes are, as in the 


Tre. 56.—Aégoceras capri AMALTHEI, less deep than broad, and often at their bases are 
cornum, Schloth, 


broader than at the mouth, they are all very slightly or almost not 
at all involute. The following species are typical forms. 
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— catenatum, Sow. 


Aegoceras capricornum, Schloth (fig. 56). Aegoceras Henleyi, Sow. 
| — planicosta, Sow. 


— Charmassii, d’ Orbig. — planorbis, Sow. 


V. Puanunati.—The siphonal area is. always perfectly round, and is joined to 
the sides without a border. The whorls lie almost on the same plane, whereby al! 


Fie. 57.—Stephancceras annulatum Sow. ° Fie. 58.—Stephanoceras commune, Sow. 


the species receive a more or less strikingly discoidal form. ‘The numerous close-set 
ribs divide near the half or two thirds of their height into two, three, or many small folds, 
without any tubercle at the point of bifurcation. ‘The lower portion of the rib is 
thicker and directed backwards, as in the modern genus Stephanoceras, which is the type 
of this group. ‘The disposition of the lobes is very peculiar and complicated in the 
Puanatuti. The upper lateral is large and very deeply sunk, and occupies the middle 
of the side; the lower lateral is smaller, and there proceeds from it two or three 
auxiliary lobes with branches directed obliquely backwards or sometimes even horizontal, 
and these form together a compound lobe larger than the lower lateral, under which it 
retires, the whole constituting a most intricate arrangement which is very difficult to trace 
out. 

The Puanunatr are abundant in the Middle Oolites and in the Upper White 
Jurassic Limestone of Germany. They are also found in some of the beds of the Upper 
lias. They are entirely absent from the Chalk. The following forms are characteristic 
of this group. 


Perisphinctes biplex, Sow. Perisphinctes polyplocus, Rein. 
_ giganteus, Sow. Stephanoceras commune, Sow. (fig. 58). 
— plicatilis, Sow. _— annulatum, Sow. (fig. 57). 
— polygyratus, Schloth. — crassum, Young and Bird. 
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VI. Dorsatt.—The broad siphonal area is united with the 
sides almost at aright angle. A series of simple tubercles extend 
round near the margin, through which the simple lateral folds 
become divided into double ones, before crossing the area. The 
siphonal area is always smaller than the sides, whereby most of 
the species preserve a tolerably discoidal form. The auxiliary 
lobes often extend obliquely against the upper lateral, although 
not m all the species. The Dorsatt unite the PLanunati 
with the Coronari. The following are typical species. 


Fig. 59.—Aegoceras Dave, Sow. 


Aegoceras Daveei, Sow. (fig. 59). Stephanoceras fibulatum, Sow. 
— armatum, Sow. — Brocchii, Sow. 


VII. Coronaru.—A well-marked series of tubercles so widens the siphonal area 
that it becomes wholly flat, and a good deal broader than the sides. The sharp, wide, 
forward-directed folds become divided by the tubercles, the whorls are much involuted and 


Fic. 60. Fie. 61. Fic. 62. Fie. 63. 
Stephanoceras Blagdeni, Sow. Stephanoceras Braikenridgii, showing labial prolongation. 
Side view. Front view. Side view. Front view, 


proportionally short, and form a deep umbilicus. The upper lateral lobe stands always 
above the tubercles, the under lateral beneath. By this character they are readily, and 
with greater certainty, distinguished from other forms. The siphonal lobe is longer than 
the upper lateral; and there are several auxiliary lobes, which in their form and position 
entirely resemble those of the Puanunatr. This group is very characteristic of the 
middle division of the Inferior Oolite as the following species demonstrates. 


Stephanoceras Humphriesianum, Sow. Stephanoceras Gervillii, Sow. 
— Brongniartii, Sow. — Blagdeni, Sow. (fig. 60). 
ae Brocchii, Sow. — Braikenridgii, Sow. (fig. 62). 


VIL. Macrocrrnart.—The increase of the whorls is unusually rapid, especially in 
the breadth of the mouth. The siphonal area and sides are joined imperceptibly together 
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in a complete half circle; and the sides fall off towards the suture, which have often a 
sharper border, and sometimes a perpendicular surface. 


Fic. 64.—Stephanoceras coronatum, Brug. Fic. 65.—Steph. coronatum, Brug. Fic. 66.—Stephanoceras tumidum, Ziet. 
Side view. Front view. Front view. 


The lower lateral stands always above the inner border, not under it, as in the Coro- 
narit. The very large ventral lobe is accompanied by two extended arms, and besides 
by two auxiliary lobes. The upper lateral stands always directly opposite the arms of the 
columellar, the under lateral directly opposite the lower auxiliary. 


Stephanoceras coronatum, Brugiere (fig. 64). Stephanoceras macrocephalum, Schloth. 
— modiolare, Lhwyd. — tumidum, Zieten (fig. 66). 


IX. Armartr.—Two or more rows of tubercles form a longitudinal parallel series upon 
the sides, but rarely on the siphonal area, which is flat, often broader 
than the sides, and joined to them by an almost right-angled border. 
The upper row of tubercles stand upon the border; then follows a 
vacant space between them and the lower series, in which the 
upper lateral lobe.comes in; then follows either one or more rows 
of tubercles. The siphonal lobe is somewhat deeper than the upper 
lateral, which is sometimes almost three times as deep as it is 
broad. The siphonal saddle is always of a remarkable breadth, 
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more than double that of the upper lateral, with a deep fre. 67.—Aspidoceras longi- 
secondary lobe in the middle and quite even above. The eae 
lower lateral, on the other hand, is not larger than the secondary lobes of the siphonal 
saddle. This is a remarkable group, and very rich in species, found chiefly in the 
uppermost strata of the Oolitic series and the Cretaceous formation. Aegoceras Birchii 
and deg. Henleyi occur in the Middle Lias, and Aspidoceras longispinum (fig. 67) in 
the Oxford clay. Hoplites mammillaris (fig. 69,70), H. Rhotomagensis, H. Mantelli, and 
H. Woolgari represent Cretaceous forms. The following are typical species : 


Aegoceras Birchu, Sow. Hoplites Deverianus, @’ Orbig. (fig. 79). 
Aspidoceras perarmatum, Sow. — Rhotomagensis, Sow. 
— longispinum, Sow. (fig. 67). — Mantelli, Sow. 


Hoplites mammillaris, Schloth (fig. 69). —  Woolgari, Mant. 
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X. Denratit.—In the Argonauts the tubercles which border the narrow margin of 
their shell are probably formed by the rising of the mantle in the shape of folds, due to the 
sucking discs of the dorsal or back-folding arms of the female (fig. 68). So probably in the 


Fie. 68. Fic. 69. Fie. 70. Fie. 71. 
Argonauta argo, Linn. Hoplites mammillaris, Schloth. Cosmoceras Jason, Reinecke. 


same manner might the decoration of the shell of the Denrat1 have been formed. The 
tubercles grow on both sides of a flat, narrow siphonal area like a double projecting 
wreath. They do not always stand in the direction of the radu, whereby they are especially 
distinguished from other prominences and tubercles showing the back folding, which are 
only strongly elevated folds or arms stretched over the shell. The lateral surfaces are 
moderately parallel and very large, because the whorls increase, in general, very rapidly 
in height; at other times they are, in general, without any wider elevation or important 
processes and points. From the lower part many folds ascend, which, upon half of the 
sides, are divided, and then, sometimes, a pearl-like series of small tubercles rise up. 
They are very elegant forms, which are peculiar to the Upper Oolitic formations. The 
siphonal lobe is much less deep than the upper lateral one. ‘This less depth distinguishes 
the Denratr from the Armati. The following species are typical forms of the group: 


Cosmoceras dentatus, Sow. Cosmoceras Duncani, Sow. (fig. 72). 
— Jason, Reinecke (fig. 71). — Calloviense, Sow. 


XI. Ornatt.—Spines or tubercles bound the narrow siphonal area, as in the Denvatt. 
Another series of tubercles are developed upon the middle of the sides. In the flat 
interspace between these two rows of tubercles the, upper lateral lobe is sunk, as in the 
Armati. ‘This plain surface is not, as in the latter, the side itself, but only a truncation 
of the border between the margin of the area and sides. The lower lateral lobe is also 
separated by a series of tubercles from the suture, and by a surface which converges 
towards the columellar. The mouth-opening thereby acquires an almost regular hexagonal 
form. ‘These beautiful Ammonites are in general small, and peculiar to the Oxford Clay 
and Upper Oolites. 


Cosmoceras pollux, Reinecke | Cosmoceras castor, Reinecke. 
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XII. Fruxvost.—Tubercles are developed on both sides of the siphonal area, which 
is not sunk flat between two rows of a depressed surface, but is elevated therefrom and 
divided by a continuous row of tubercles. The radii on the sides are strongly bent 
forward towards the margin. ‘They are, in general, divided, and here form long knobs, 
which are somewhat elevated at the lower part of the lateral surface. The siphonal lobe 
is much shorter than the upper lateral. They are special to the Upper or White Lime- 
stone of the Jurassic formation of Germany, and are found, likewise, in the Lower 
Chalk. The following are typical species : 


Fie. 72.—Cosmoceras Duncani, Sow. Fig. 73.—Cosmoceras radiatus, Brugiére. 


Cosmoceras flexuosus, Munst. Cosmoceras radiatus, Brugicre (fig. 73). 
_— Jason, Rein. Hoplites faleatus, ant. 


Professor Quenstedt in 1849 published an important work on the Cephalopoda, 
together with an atlas of beautiful plates," in which he divided the Jurassic Ammonites 
into fourteen groups, retaining those so well established by von Buch, and adding four 
more to the list : 


1. ARIETEN. 8. DENTICULATEN. 
2. CaPRICORNEN. 9. ORNATEN. | 
3. AMALTHEEN, 10. DeEnTaTEN. 

4. HEvrEROPHYLLEN. 11. PLANULATEN. 

5. LIneatt. 12. CoRONATEN. 

6. FAaLcIFEREN. 13. MacrocrerHaLEn. 
7. Disct. 14. ARMATI. 


and divided the Ammonites from the Chalk formations as follows : 
15. Cristati, d’ Orbigny. 16. RuoromaceEnsss, d’ Orbigny. 
17. Lieatt, d’ Orbigny. 
and classed the Ammonites of the Red Alpine Limestone (Triassic), distinguished by 


Terebratula diphya as: 18. GuoBosi, Quenstedt. 


1 « Petrefactenkunde Deutschlands : der ersten Abtheilung, die Cephalopoden,’ 8vo., nebst einen Atlas 
von 36 Tafeln, fol. Tubingen, 1849. 
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But the Ammonites of the St. Cassian (Triassic) beds with Ammonites Aon, Minster, 
were not comprehended in a distinct group. 


M. Alcide d’Orbigny divided the Ammonites into twenty-one sections ;' in these he 
included the groups established by von Buch, and added others to receive the many new 
forms which he had discovered among the very rich materials he had assembled for his 
sreat work on the Terrains Crétacée and Terrains Jurassique of France. 


a. Species with a siphonal keel entire. 
Ist Section. Artutes, von Buch. See page 186. 
2nd Section. Faucrreri, von Buch. See page 187. 


3rd Section. Cristati, d’ Orbigny. Shell compressed, sides ornamented with ribs, 
bifurcated and bent forwards without forming an angle; with or without prominent tuber- 
cles. Siphonal area prominent in the keel, which contains the siphuncle. Mouth, when 


Fic. 74.—Schloenbachia Roissyana, W Orb. Fic. 75.—Schloenbachia cristata, Deluc. 


perfect, prolonged into a prominent rostrum upon the median line of the margin. Septa 
formed of lobes, in general divided into unequal parts and into equal saddles. Siphonal 
lobe longer than the superior lateral. The lateral saddle less elevated than the others. The 
siphonal saddle very high. The best types are Schloenbachia cristata, Deluc (fig. 75), 
and Schloenbachia Roissyana, VOrb. (fig. 74), both from the Cretaceous Formations. 


b. Species with the siphonal area canaliculated. 


Ath Section. Tusrrovnatt, d’Ordigny. The sides of the shell ornamented with ribs 
and tubercles. Siphonal area provided in the middle with a deep well-defined channel. 
Mouth, when complete, representing an elongated rostrum corresponding to the siphonal 


1 «Paléontologie Francaise ; Terrains crétacés,’ tom. i, p. 405, 1840. 
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canal. Septa formed of lobes and saddles divided into single parts. Siphonal lobe 
shorter than the superior lateral lobe. Hoplites falcatus, Mantell (fig. 76), from the 
Chalk Marl, and H. auritus, Sow., from the Gault, are good types of TuBERCULATI. 
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Fic. 76.—Hoplites falcatus, Mantell. Fic. 77.—Schloenbachia Goupiliana, a’Orb. 


c. Species with the siphonal area trenchant without forming a keel. 


5th Section. Cryprirormi, d’Orbigny. Shell compressed, generally smooth or little 
ornamented with undulating folds or radii. Siphonal area sharply bevelled, without a keel. 
Spire with large wherls mostly much involuted. Sepéa divided into a great number of 
lobes formed of single parts, and of saddles partly in pairs and partly single. Siphonal 
lobe shorter than the superior lateral lobe; the saddles and the lobes large and short. 
S. Goupiliana, dOrb. (fig. 77), from the Upper Greensand, is a good type of this section. 


d. Species with the siphonal area prominent and crenulated on the median line. 


6th Section. AmMaLruEt, von Buch. See page 188. 


7th Section. Puncuzuut, d’ Ordigny. Sheil elegantly divided on the sides by promi- 
nent ribs, straight and not flexed, which passing from one side to the other leave upon 


Fic. 78.—Hoplites Brottianus, d’Orb. Fic. 79.—Hoplites Deverianus, d’Orb. 
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the siphonal area compressed tubercles, which collectively represent a series of crests. ' 
Septa formed of lobes divided into single parts, and of saddles divided into pairs of parts. 
Siphonal lobe nearly equal in length to the inferior lateral lobe. Hoplites Brottianus, 
d’Orb. (fig. 78), from the Lower Cretaceous Rocks, is a good type of this section. 


Sth Section. Ruotomacenses, @’Orbigny. Shell with inflated whorls, square or 
oval, ornamented with prominent ribs, more or less tuberculated upon four or five lines, 
one of which runs along the median line of the area, and renders it more or less 
angular. Septa formed of lobes and saddles partly divided into pairs. The siphonal 
lobe longer than the superior lateral. The species characterise the Middle Cretaceous 
Formation, and Hoplites Deverianus, d’Orb. (fig. 79), from the Upper Greensand, is a 
good type of this section. 


e. Species with the siphonal area excavated, and provided with tubercles on the sides. 
9th Section. Dunrati, von Buch. See p. 192. 


10th Section. Ornati, von Buch. See p. 192. 


J. Species with the stphonal area more or less square. 
11th Section. Fiexvosi, von Buch. See p. 198. 


12th Section. Compresst, d@’Ordigny. Shell in general very 
much compressed, composed of large whorls, highly involute. 
Sides provided with radii or fine strie, all slightly flexed, and 
passing on to the margin of the siphonal area, where they develop 
small tubercles. Siphonal area narrow and squarely truncated. 
Septa composed of a great number of lobes formed of single parts, 
and of saddles often formed of pairs of parts. Siphonal lobe very 
large, much longer than the superior lateral. These Ammonites all 
appertain to the different divisions of the Cretaceous Formation, 


Fre. 80. 
Cos. Beaumontianum, ®Orb. Cos. Beaumontianum, d Orb. (fig. 80), from the Lower Chalk, is a 


good type. 


13th Section. Armati, von Buch. See p. 191. 


14th Section. Ancunicosrati, d’ Orbigny. Shell thick, with whorls almost round, each 
side of the siphonal area ornamented throughout with slight ribs which make this part 
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nearly square. Siphonal area much narrower than the sides. Ribs elevated, passing 
alternately across the area from the one side to the other. Septa composed of lobes 
formed of single parts, and of saddles often in pairs. Siphonal lobe shorter than the 
superior lateral ; the auxiliary lobes oblique towards the umbilicus. Found in the Lower 
Chalk, Gault, and Neocomian Formations. oplites Martinii, d’Orb. (fig. 81), from the 
Neocomian, or Lower Greensand of the Isle of Wight, is a fair type of this group. 


15th Section. Capricorni, von Buch. See p. 188. 
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Fie. 81.—Hoplites Martinii, d’Orb. Fie. 82. Fie. 83. 
Phylloceras heterophyllum, Sow. 


g. Species with the siphonal area convex. 


16th Section. Herrropnyiui, @’Orbigny. Shell compressed, formed of whorls 
almost completely involute, rarely appearing in the umbilicus. The sides are smooth, 
slightly striated, or furrowed with fine lines. Siphonal area narrow and very convex. Septa 
symmetrical, divided into a great number of lobes, very much ramified, formed of single 
parts, and of saddles often in pairs. Siphonal lobe always shorter than the upper 
lateral. The great number of ramifications of the lobes produces a most complicated, 
foliated structure on the siphonal area and sides of the casts of this section. 

Phylloceras heterophyllum (figs. 82, 83), from the Upper Lias, is typical of this group. 


17th Section. Lieati, d’Orbigny. Shell in general compressed, smooth, or a little 

undulated, and usually marked with grooves or ribs at regular distances apart, indicating 

the former position of labial appendages. ‘The siphonal area convex, sometimes a little 

compressed. Septa composed of lobes formed of single parts and of saddles, often in pairs. 

The siphonal lobe shorter than the superior Jateral. The last auxiliary lobes often directed 

obliquely backwards towards the umbilicus. The saddles very much divided and never 
26 
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foliated. The Licatt are all Cretaceous forms, and Haploceras ligatum, VOrb. (fig. 84), 


from the Neocomian, is a typical species. 


18th Section. Pranunati, von Buch. See p. 189 
19th Section. Coronarit, von Buch. See p. 190. 


20th Section. Macrocernaut, von Buch. See p. 190. 


21st Section. Fnrpriatt, d’Orbigny. Shell discoidal; formed of cylindrical whorls ; 
often contiguous and without involution ; smooth, or ornamented transversely at regular 
distances apart, with prominent ribs or grooves, which are the remains of a portion of 
the mouth appendages of the species. Mouth circular. Sep/a symmetrical, formed of 
lobes and saddles divided in part into pairs, always enlarged at their extremity and 
narrow at the base; siphonal lobe often the longest. Aegoceras fimbriatum, Sow. (fig, 85), 
‘of the Middle Lias, is a good type of this group. The Fimpriari are found in the 
Jurassic rocks and Lower Cretaceous strata. 


Fic. 84.—Haploceras ligatum, d’Orb. Fie. 85.— degoceras timbriatum, Sow. Fre. 86.—Crioceras Emerici, Léveillé. 


Species with ramified septa; whorls coiled spirally on the same plane, not contiguous. 


Genus Crioceras, Léveillé. Animal unknown. Shell discoidal, rolled on the same 
plane, whorls round or oval, and not contiguous. Septa transverse, divided regularly 
into six lobes, mostly formed of single parts, the siphonal lobe excepted, and the saddles 
formed of parts nearly always in pairs. The superior lateral lobe is longer than the 
siphonal lobe. The lobes and the saddles are narrow at the base and much enlarged at 
their extremity. Siphuncle continuous, always marginal. Two thirds of the last whorl 
formed the dwelling chamber of the animal. Found in the lower strata of the Cretaceous 
formation. Crioceras Emerict (fig. 86) is a typical form. 


Genus Scarurres, Parkinson, Shell spiral, rolled on the same plane; whorls at 
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first contiguous, then separated from the others and projected in nearly a straight line, 
afterwards bent upwards and forwards, forming a horse-shoe curve. Septa transverse, 
symmetrical, divided regularly into unequal lobes. The recurved portion always without 


Fic. 87.—Scaphites gigas, Sowerby. 


septa, formed the dwelling chamber of the animal. Siphuncle continuous and marginal. 
Mouth oval, provided with large protuberent bands, more or less prominent. All the 
species are obtained from the Cretaceous formation, and very large forms are obtained 
from the Neocomian strata. Scaphites gigas, Sow. (fig. 87), and Scaphites Ivanti, Puzos. 
(fig. 88), are typical forms of this group. 
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Fie. 88.—Scaphites Ivanii, Puzos. 


Genus Ancyiocrras, d’Orbigny. Shell spiral, rolled on the same plane, with very 
few whorls perfect, and not contiguous; the last separated from the others and projected 


Fie. 89.—Ancyloceras Matheronanum, d’Orb. 


outwards in a horizontal line, then turned upwards and inwards, forming an arch opposed 
to the turns of the spine, the recurved portion without septa formed the dwelling chamber. 
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Septa symmetrical, divided into unequal lobes. Mouth round or oval, and provided 
with tubercles at the circumference. Siphuncle marginal. This genus ranges from the 
Inferior Oolite to the upper strata of the Chalk, and Ancyloceras Matheronianum, d Orb. 
(fig. 89), from the Upper Neocomian, and Ancyloceras Puzosianum, d’Orb. (fig. 90), 
from the lower Neocomian, are typical of the genus. 


Fie. 90.—Ancyloceras Puzosianum, d’Orb. 


2. Species only arched. 


Genus Toxocrras, d’ Orbigny. Shell conical, subcylindrical or compressed, symme- 
trical, much elongated, and more or less arched, but never forming a spire. Septa 
transverse, deep, sinuous, and presenting six unequal lobes, foliaceous on their border. 
Siphuncle marginal. Mouth oval, compressed or round, prominent at the inner border. 
The species belong to the Jurassic and Cretaceous formations. Zozoceras Honnora- 
tianum, d’Orb. (fig. 91), is typical of the group. 


Se 


Fic. 91.—Toxoceras Honnoratianum, d’Orb. 


Genus, Hamires, Parkinson. Shell conical, symmetrical, bent upon one plane, 
spire irregular, very elliptical, formed of bends at the two extremities of the ellipse, 
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and more or less straight in the interval. The bends few and never in contact. 
Septa transverse, divided regularly into six unequal lobes. Siphuncle marginal. Mouth 
round or oval, with or without processes or oval bands. All are Cretaceous forms, of 
which Hamites elegans, d’Orbigny (fig. 92), is a good type from the Gault. 


k. Species straight. 


Genus Bacuuites, Lamarck. Shell straight, conical, cylindrical or compressed, with 
parietes articulated by sinuous sutures. Septa approximate, perforate, and much fringed 


Fic. 93.—Baculites anceps, Lamarck. 


near the circumference. The last dwelling chamber is very large, and formed a long 
sheath. Siphuncle marginal. These straight Ammonites are found from the Neoco- 
mian formation to the Upper Cretaceous. Baculites anceps, Lamarck (fig. 93), is a 


type. 


l. Species with shell spiral and turreted. 


Genus Turritites, Lamarck. Shell spiral, turreted; whorls contiguous, and 
exposed, with articulated walls formed by sinuous sutures (fig. 94). Spire dextral or 
sinistral, umbilicated throughout. Septa transverse, divided into six lobes, foliated at 
their margin. Mouth round. Siphuncle marginal, continuous. The Turriirrss are true 
Cretaceous forms. Some species from the Lias were referred by d’Orbigny to this genus. 
These, however, have been proved to be only distorted species of Ammonites well known 
in the beds in which they are found. Type, Zurrilites catenatus, d’Orb. (fig. 94). 


Fic. 94.—Turrilites catenatus, d’Orb. Fic. 95.—Helicoceras Robertianum, d’Orb. Fie. 96.—Hetoroceras Emerici, d’Orb. 
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Genus Finutcoceras, d’Orbigny. Shell turbinoid, spiral, composed of a few 
whorls obliquely coiled and rather widely separated. Spire dextral or sinistral, and 
elevated above the plane of the last large whorl, which was the dwelling chamber of the 
animal. Septa transverse, oblique, and deeply sinuous. Siphuncle marginal. Helicoceras 
Robertianus, VOrb. (fig. 95), forms the type. The species are found in the Jurassic 
and Cretaceous rocks. 


Genus Huteroceras, d’ Orbigny. Shell spiral, turreted, whorls contiguous in youth ; 
with age, the last whorl separates from the others and becomes produced and recurved, 
forming an arch without septa, and which doubtless constituted the dwelling chamber of 
the animal. He¢eroceras is a Turrilite with the dwelling chamber in the adult shell 
detached, produced, and recurved. The most’ typical specimen is Heteroceras Emeric, 
d’Orb. (fig. 96). 


Genus Anisocrras, Pictet. Turns of the shell at first spiral not in the same plane, 


next tangentially divergent, and finally recurved, none of the turns in contact. Found 
in Oolitic and Cretaceous formations. 


Professor Pictet,' in his excellent ‘Traité Hlémentaire de Paléontologie,’ gave a 
copious résumé of the Cephalopoda, in which he closely adhered to the system of Von Buch 
and d’Orbigny. 

Professor H. B. Geinitz,’ in his ‘Grundriss der Verstemerungen Kunde,’ followed 
out the same method. 

Dr. C. G. Giebel,3 in his ‘Fauna der Vorwelt, gave a valuable synopsis of the 
Fossil Cephalopoda, and brought together a great quantity of material bearing upon this 
subject, in the arrangement of which he followed the methods of von Buch and 
d’Orbigny. 

The late Mr. Daniel Sharpe, F.R.S.,* contributed an unfinished monograph on the 
British Cretaceous Nautili and Ammonites to the volumes of the Paleeontograpbical 
Society in 1853, 1857. In this important work its learned author followed the lines 
laid down by d’Orbigny in the systematic arrangement of the groups, and illustrated his 
work with well-executed plates. 

The Jurassic geology of the north-eastern Alps received an important illustration 
from the researches of Franz Ritter von Hauer,’ whose exhaustive monograph, illustrated 
with beautiful plates, ‘Die Cephalopoden aus dem Lias der Nordéstlichen Alpen,’ marked 
an epoch in our knowledge of the Liassic groups of that region. In this important work 
the learned author followed the grouping of von Buch. 

‘Traité elementaire de Paléontologie,’ tom. ii, p. 309, pl. xiv—xx, 1844. 

‘Grundriss der Versteinerungens Kunde,’ pp. 256—315, pl. x—xii, 1846. 

‘Fauna der Vorwelt Cephalopoden,’ Band iii, 1852. 


‘Cretaceous Ammonites,’ Paleontogr. Soc., vols. for years 1853 and 1855. 


1 
2 
3 
4 
> “Ueber die Cephalopoden aus dem Lias der Norddstlichen Alpen,’ 1856. 
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Dr. Oppel, in his ‘ Juraformation,” and in his later and larger work on the Ammonites 
of the Malm formation of Germany, and the Jurassic formations of India, delineated 
im ‘ Palaeontologische Mittheilungen,” adhered to the classification of von Buch. 

Between 1863 and 1870 the late lamented Prof. Phillips, of Oxford, contributed five 
parts of his unfortunately unfinished Monograph on another important group of the 
Fossil Cephalopoda, viz. the Belemnites, in the volumes of the Paleeontographical Society, 
issued for the years 1863, 1864, 1866, 1868, and 1869. 

My old esteemed friend, the learned Secretary of the Palseontographical Society, the 
Rev. Thos. Wiltshire, M.A., F.G.S., in 1867 contributed a valuable memoir on the 
chief groups of the Cephalopoda to the Geologists’ Association,* and in an Appendix to 
this work added an Analysis of the Families and Genera of the Fossil Cephalopoda, 
with their range in time. This résumé of a very difficult subject has been so carefully 
prepared by its author that I shall, with permission, insert it 2 eatenso (at pages 204 
to 218), as it clearly exhibits the actual state of the systematic classification of the 
Cephalopoda at the date of its publication, and before changes in several of the groups 
composing the different sections of these remarkable fossils had been rendered inevitable 
by subsequent discoveries. 


1 ‘Die Juraformation Englands, Frankreichs, and S.-W. Deutschlands,’ 1859. 
2 *Palacontologische Mittheilungen,’ vols. i, 11, 1862-63. 
3 Geologists’ Association, ‘ Chief Groups of the Cephalopoda,’ 1869. 
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ANALYSIS OF THE FAMILIES AND GENERA OF THE FOSSIL 
CEPHALOPODA.* 


First Orper.—DIBRANCHIATA, contarnine Sxcrion I. Octopopa, AND 
Section II. Drcaropa. 


Section I.—OctoroDa. 


I.—Shell involute, the turns in the same plane, thin, one chambered. Family, 
Argonautidee (Reeve, 1841). One fossil genus, Argonauta. 
1. Arconavta, Linné, 1758. 


Tertiary. 


Section I7T.—DeEcapoDa. 


II].—Shell lance-shape, slender, with central ridge, generally terminating in a slight 
expansion of no great length without air chambers. Family, OnycHoTEvTHIDz 
(Gray, 1847). Three fossil genera, Enoploteuthis, Plesioteuthis, and Ommas- 
trephes. 
2. Enoptorevtuis, D’Orbigny, 1840. 


Sides sinuous, with lateral expansions ; central ridge keeled; Oolitic. 


3. Piusiorruruis, Wagner, 1860. 
Sides sinuous, with central and two side ridges ; projection arrow-shaped ; arms with 
hooks ; Liassic. 
4. OmmastrepuEs, D’Orbigny, 1840. 


Sides generally straight, contracted towards base, point expanded, central and side 
ridges ; Oolitic. 


1 Drawn up by the Rev. T. Wiltshire, M.A., F.G.S., in 1867, see page 203. 
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I1I.—Shell lance-shape, slender, with central keeled ridge, and side expansions of some 
length. Family, Gonatip#. One fossil genus, Loligo. 


5. Lorico, Lamarck, 1799. 


Liassic. 


TV.—Shell lance-shape, subovate, with central ridge, and side expansions of some length. 
Family, Benorrurnip#. Five fossil genera, Teudopsis, Phylloteuthis, Belo- 
teuthis, Geoteuthis, and Leptoteuthis. 

6. Trupopsis, Deslongchamps, 1835. 
Narrow at top, enlarged below, with a concavity at base, and narrow central rib ; 

Liassic into Oolite. 

7. PuyttorzurHis, Meek and Hayden, 1858. 


Narrow at top, enlarged below, with slight concavity at base, where the lateral 
margins are obtusely angular ; Cretaceous. 


8. BeLoteutuis, Miinster, 1843. 
Pointed at top and bottom, lateral expansions forming a sudden angle on the sides 
towards the lower half of total length; Liassic. 
9. Grornutuis, Minster, 1843. == Belemnosepia, Agassiz, 1835. == Loliyosepia, 


Quenstedt, 1839. == Coccoteuthis (pars), Owen, 1855. 


Wide at top, pointed at base, side expansions forming a sudden angle on the sides 
towards the upper half of total length ; Liassic. 


10. Leprorgutuis, von Meyer, 1834. 


Wide and rounded at top, pointed at base, lateral expansions gradually angular, 
ribs slight and diverging ; Oolitic. 


V.—Shell ovate, thick, with thin lateral projections, inclined to the sides, terminating in 
a projecting point imperfectly chambered. Family, Sur1apm (Owen, 1836). 
One fossil genus, Sepia. 


11. Supra, Linné, 1735. = Belosepia, Voltz, 1830. = Sepiolithes, Minster, 
27 
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1843. = Trachyteuthis, Meyer, 1846. == Coccoteuthis, Owen, 1855. = Paleo- 
teuthis, Roemer, 1856. 


Oolitic and Tertiary. 


VI.—Shell conical, slightly bent, having at its upper part a cavity containing chambers 
with a siphuncle. Family, Betumnosipm. Four fossil genera, Belemnosis, 
Beloptera, Helicerus, and Spirulirostra. 


12. Butemnosis, Edwards, 1849. 


Shell conical, and suddenly bent at a short distance from the base, no side expan- 
sions; Tertiary. 


13. Brtoprera, Deshayes, 1830. 


Shell conical, and slightly bent, side expansions at the angle; Tertiary. 


14. Henicervus, Dana, 1849. 


Shell conical, the chambers at the upper part, slender and terminating in a spiral 
arrangement ; Liassic ? 


15. SprrubrrostrRa, d’Orbigny, 1842. 


Shell conical, the chambers at the upper part, of some size and terminating in a 
spiral arrangement, the portion covering the commencement of the spiral projected for- 
wards, the extremity pointed ; Tertiary. 


VII.—Shell straight, with a series of conical chambers at its upper portion. Family, 
BreLeMNitip# (Owen, 1836). Five fossil genera, Belemnites, Belemnitella, 
Belemnoteuthis, Conoteuthis, and Xiphoteuthis. 


16. Betemnites, Lister, 1678. == Belemnitis lapis, Agricola, 1546. = Belem- 
nitis, Gesner, 1565. == Acamas, Montfort, 1808. == Hibolithes, Montfort, 1808. 
= Thalamus (—alveolus, &c.), 1808. == Actinocamax, Miller, 1823. == Pseudobelus, 
Blainville, 1827. == Belemnosepia, Buckland, 1836. = Belopeltis, Voltz, 1840 (a pro- 
ostracum). == Notosiphites, Duval-Jouve, 1841. = Gasterosiphites, Duval-Jouve, 
1841. 


Shell (guard) straight, generally long, somewhat cylindrical, conical below, with a 
hollow cone (alveolus) in the upper part, containing a chambered cone (phragmacone), 
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which has a marginal canal (siphuncle); the thin, shelly covering (conotheca) investing 
the chambers, prolonged on one side into a broad lobe (pro-ostracum, pen) ; animal not 
clearly known, double rows of hooks on the arms; from Liassic into Cretaceous forma- 
tions. 


17. Bevemnrreya, d’Orbigny, 1840. 


Shell (guard) in its highest part, marked by a short longitudinal slit ; Cretaceous. 


18. BeLeMNoTEuTHIS, Pearce, 1842. == Keleno, Minster, 1836. == Acanthoteuthis, 
Minster, 1839. = Plesioteuthis, Wagner, 1860. 


Shell consisting of a chambered cone, having at its upper part a horny pen with thin 
side bands, and at its lowest part a thin fibrous guard, with two diverging ridges ; 
animal with arms and horny hooks, fins large; Oolitic. 


19. Conorzurnuis, d’Orbigny, 1840. 


Chambered cone slightly curved, pen elongated and very narrow ; Cretaceous. 


20. XipnorEeutTuis, Huxley, 1864. 


Shell cylindrical ; chambered cone long and narrow; pen very long and slender, sec- 
tion an ellipse ; Liassic. 


SzconD Orper.—TETRABRANCHIATA. 


VIII.—Shell many chambered; the last (exterior) chamber large, siphuncle generally 
subcentral ; the edges of the partitions (septa) which separate the chambers 
either without folds, or slightly undulating. Family, Navutitipa. ‘Thirty 
fossil genera: Nautilus, Discoceras, Ophidioceras, Gyroceras, Cyrtoceras, 
Cyrtocerina, Oncoceras, Streptoceras, Piloceras, Lituites, Lituunculus, Ortho- 
ceras, Tretoceras, Huronia, Actinoceras, Ormoceras, Aulacoceras, Endoceras, 
Cameroceras, 'T'rochoceras, Hercoceras, Gomphoceras, Phragmoceras, Ascoceras, 
Glossoceras, Aphragmites, Aturia, Nothoceras, Bathmoceras, and Gonioceras. 


Division A.—Ldges of septa without folds. 


I. Shell spiral, in the same plane. 


21. Navutitus, Belon, 1553. = Nautilus, Breynius, 1732. = Planorbites, 
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Lamarck, 1799. == Angulithes, Montfort, 1808. == Oceanus, Montfort, 1808. 
= Ammonites (pars), Montfort, 1808. = Bisiphites (pars), Montfort, 1808. == Con- 
chyliolithus, Martin, 1809. == Ammonellipsites, Parkinson, 1811. = Ellipsolithes 
(pars), Sowerby, 1812. == Rhabdites, de Haan, 1825. == Omphalia, de Haan, 
1825. = Globites, de Haan, 1825. == Aganides (pars), d’Orbigny, 1826. = 
Aganites (pars), Quenstedt, 1834. == Aturia (pars), Bronn, 1835. == Hamites 
(pars), Fischer, 1837. == Trocholites (pars), Conrad, 1838. = Simplegas (pars), 
Sowerby, 1842. = Discites (pars), M’Coy, 1844. == Discus (pars), King, 1844. 
= Cryptoceras (pars), d’Orbigny, 1850. = Trematodiscus (pars), Meek, 1861. 


Turns (whorls) of the shell, in contact, partially overlapping ; siphuncle almost cen- 
tral; aperture of exterior chamber open without folds; Silurian into Tertiary, still 
living. 


RuyncenouitHEs, Faure-Biguet, 1819. == Conchorhynchus, De Blainville, 1827. 
= Rhynchoteuthis, d’Orbigny, 1847. 


Comprising the beaks of the Nautilus animal. 


22. Discocrras, Barrande, 1867. 


Turns of the shell touching, siphuncle variable; aperture of exterior chamber open, 
its edge not contracted ; Silurian. 


23. Opnipioceras, Barrande, 1867. 


Turns of the shell touching; siphuncle variable ; aperture of exterior chamber con- 
tracted ; Silurian. 


24. Gyrocreras, de Koninck, 1844. = Gyroceratites, H. von Meyer, 1829. 
= Hortolus, Steininger, 1831. = Spirula, Goldfuss, 1832. = Lituites, Quenstedt, 
1834, == Cyrtocera (pars), Minster, 1839. = Cyrtoceras (pars), Phillips, 1841. 
= Cyrthoceratites (pars), D’Archiac, 1842. 


Turns of the shell not in contact; siphuncle marginal on external (convex) side; 
last chamber somewhat small, edge without fold; from Silurian into Carboniferous. 


2. Shell an arc of a spiral, in the same plane. 


25. Cyrrocrras, Goldfuss, 1832. == Orthoceratites, Lamarck, 1799. == Ortho- 
cera (pars), Sowerby, 1812. == Campulites, Deshayes, 1832. = Lituites (pars), 
Quenstedt, 1836. == Cyrtoceratites, d’Archiac, 1842. == Trigonoceras, M’Coy, 1844. 


= Campyloceras, M’Coy, 1844. = Aploceras, d@’Orbigny, 1850. 
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Shell slightly curved, never forming a complete revolution; siphuncle variable in 
position, generally on convex side; exterior chamber open, its edge not contracted ; from 
Silurian into Devonian. 


26. Cyrtocerina, Billings, 1866. 


Shell like Cyrtoceras, but shorter and thicker; Silurian. 


27. Oncoceras, Hall, 1847. 


Shell slightly curved, pear-shaped; siphuncle lateral, edge of exterior chamber 
contracted in the middle ; Silurian. 


28. Srreptoceras, Billings, 1866. 


Shell slightly curved, pear-shaped, edge of exterior chamber contracted to form three 
lobes ; Silurian. 


29. Pinoceras, Salter, 1859. 


Same as Cyrtoceras, but the septa forming a series of conical partitions, pointing 
towards the smaller (earliest) part of the shell ; Silurian. 


3. Shell a combination of curved and straight lines in the same plane. 
30. Lirvirus, Breynius, 1732. == Hortolus, Montfort, 1808. == Spirulites, Parkinson, 
1811. = Clymenia (pars), d’Hichwald, 1842. == Ancistroceras (pars), Boll, 1857. 


Tums of the shell at first generally in contact, afterwards tangentially divergent ; 
siphuncle variable ; edge of exterior chamber contracted ; Silurian. 


30a. Lirutuncuuus, Barrande, 1867. 
Same as Lituites, but with the edge of the exterior chamber not contracted, the form 


ideal, not yet discovered in rocks; Silurian P 


A, Shell straight. 


31. Orrnoceras, Breynius, 1732. ==  Molossus, Montfort, 1808. == Hchidnis, 
Montfort, 1808. = Achelois, Montfort, 1808. == Hyolithes, d’Hichwald, 1842. = 
Koleoceras, Portlock, 1843. = Cycloceras, M’Coy, 1844. 


Siphuncle small, almost central, bead-like ; aperture of exterior chamber open, with- 
out folds ; from Silurian into Trias. 
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32. Treroceras, Salter, 1859. 
Siphuncle small, almost central, bead-like; the chambers surrounding the siphuncle 
pierced by a longitudinal tube; Silurian. 
33. Huronta, Stokes, 1824. 
Siphuncle large, central, the upper part of each division expanded and connected 
with a small central tube by radiating plates ; Silurian. 
34. Actinoceras, Stokes, 1840. 


Siphuncle large, central, the middle part of each division expanded and connected 
with a small central tube by radiating plates ; Silurian into Carboniferous. 


35. Ormoceras, Stokes, 1840. 
Siphuncle large, almost central, bead-like, the middle of each division contracted ; 
Silurian into Devonian. 
36. AuLAacocErRas, Hauer, 1860. 
Siphuncle small, lateral, plain; shell externally corrugated, thickening towards the 
base. ‘Trias. 
37. Enpoceras, Hall, 1847. 


Siphuncle large, lateral, with cone-like partitions inserted in each other, their points 
being directed towards the small or earliest portion of the shell ; Silurian. 


38. Cameroceras, Conrad, 1847. = Melia, Fischer, 1829. == Thoracoceras, 
Fischer, 1844. 


Siphuncle sometimes large, lateral, not complex ; Silurian into Trias. 


5. Shell spiral, not in the same plane. 


39. Trocnoceras, Barrande, 1847. == Semicornu, Klein, 1770. = Inachus, 
Hisinger, 1837. 


Turns of the shell at first in contact, not overlapping, afterwards generally spirally 
divergent, occasionally tangentially divergent ; siphuncle mostly near the margin on the 
outer (convex) side, edge of exterior chamber without fold; Silurian. 
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40. Hercocrras, Barrande, 1865. 


Turns of the shell at first in contact, slightly overlapping, afterwards spirally 
divergent ; siphuncle marginal on outer side, edge of exterior chamber contracted and 
compressed transversely ; Silurian. 


6. Shell neither spiral nor linear. 


41. Gompnoczras, Sowerby, 1839. == Orthoceras (pars), Sowerby, 1812. = 
Conilites, Pusch, 1837. == Nelimenia, Castelnau, 1843. == Bolboceras, Fischer, 1844. 
= Apioceras, Fischer, 1844. == Poterioceras, M’Coy, 1844. = Lituites ( pars) 
Quenstedt, 1846. = Syncoceras (pars), Pictet, 1854. 


Shell straight, pear-shaped; aperture of exterior chamber contracted, small and 
lobed, the exterior chamber somewhat globular; position of siphuncle variable; from 
Silurian into Carboniferous. 


42. Puragmoceras, Broderip, 1839. == Campulites (pars), Deshayes, 1830. 
= Orthoceratites, Steminger, 1831. 


Shell slightly curved, pear-shaped; aperture of exterior chamber contracted, small 
and lobed; siphuncle generally on the internal (concave) side; from Silurian into 
Devonian. 


43. Ascocsras, Barrande, 1846. = Cryptoceras, Barrande, 1846. 


Shell slightly curved, flask-shaped, lower portion more globular than the upper ; 
partitions of the chambers few and running parallel to the long axis of the shell, leaving 
a space the whole length of the shell for the body of the creature; aperture of exterior 
chamber not lobed; Silurian. 


44. Guossoceras, Barrande, 1867. 


_ Shell same as in Ascoceras, but with the aperture of the exterior chamber lobed ; 
Silurian. 


45, Apnracmites, Barrande, 1867. 


Shell same in general form as Ascoceras, but without several internal partitions ; 
aperture not lobed; Silurian. 
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Division B.—Ldges of septa with a single marked fold. 


1. Shell spiral in the same plane. 


46. Arturia, Bronn, 1836. 


The turns of the shell in contact overlapping ; siphuncle almost marginal, on concave 
(inner) edge, and formed of a series of inserted cone-shaped partitions; edges of the 
partitions separating the chamber with a strong lateral lobe. Cretaceous into Tertiary. 


47. Nornocrras, Barrande, 1856. 


Turns of the shell slightly overlapping, sipbuncle marginal, on convex (outer) side, 
and furnished with internal radiating plates ; septa with a slight lobe on the back of the 


shell, corresponding in direction to that of the Ammonites; aperture not lobed; 
Silurian. 


2. Shell straight. 


48. Batumoceras, Barrande, 1867. 


Siphuncle marginal, containing a series of inserted cone-like partitions, whose points 
are directed towards the final chamber, being the reverse of that observed in Endoceras. 


Septa incomplete towards the final chamber, and with a slight lobe, planned as in Notho- 
ceras ; aperture not lobed; Silurian. 


49. Gonroceras, Hall, 1847. 


Siphuncle marginal. Septa waved, shell compressed into an elliptic form ; Silurian. 


1X.—Shell many chambered ; the last (exterior) chamber large; siphuncle marginal ; 
the edges of the partitions (septa), which separate the chambers, angulated or 
waved, but not dentated or foliated. Family, Gontatipa (Barrande, 1867). 
Three Genera: Goniatites, Clymenia, and Bactrites. 


1. Shell spiral in the same plane. 


50. Goniatites, de Haan, 1825. = Nautilus, Lamarck, 1799. = Orbulites, 
Lamarck, 1801. == Aganides, Montfort, 1808. = Nautellipsites, Parkinson, 1811. 
= Ellipsolithes (pars), Sowerby, 1812. 
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The turns of the shell in contact, overlapping ; siphuncle near the outer (convex) 
side; edges of the partitions separating the chambers much waved, but not having at 
their base small, convex, tooth-like projections ; from Silurian into Trias. 


51. Crymenia, Minster, 1832. == Endosiphonites, Ansted, 1838. = Subclymenia, 
d’Orbigny, 1850. 


The turns of the shell in contact, overlapping; siphuncle near the inner (concave) 
side; edges. of partitions waved with slight angular depressions. (‘This genus has 
affinities with A¢uria, but the turns of the shell are more overlapping in the latter, and 
the siphuncle is larger). Devonian into Carboniferous. 


2. Shell straight. 


52. Bactritzs, Sandberger, 1842. == Stenoceras, d’Orbigny, 1850. == Trematoceras, 
d’Hichwald, 1851. 


Siphuncle marginal ; septa gently waved, a single angular depression (lobe) ; external 
chamber not known ; from Silurian into Devonian. 


X.—Shell many chambered ; the last (exterior) chamber large ; siphuncle marginal ; the 
edges of the partitions (septa), which separate the chambers, many-waved, with 
single circular or subcircular depressions at their base. Family, Chyponrtipa. 
Four genera: Clydonites, Choristoceras, Rhabdoceras, and Cochloceras. 


1. Shell spiral, the turns touching. in the same plane. 
538. Cryponites, Hauer, 1860. 
Triassic and Cretaceous. 
2. Shell spiral, the turns not touching, in the same plane. 


54. CHoristocreras, Hauer, 1865. 


Triassic. 
3. Shell straight. 
55. Ruaspoceras, Hauer, 1860. 
Triassic. 
4. Shell spiral, the turns touching, not in the same plane. 
56. Cocuiocrras, Hauer, 1860. 
Triassic. 
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XI.—Shell many chambered; the last (exterior) chamber large; siphuncle marginal 
(dorsal) ; the edges of the partitions (septa), which separate the chambers, 
waved, with many small circular elevations (crenulations) at the base of each 
wave. Crratitip®. ‘Two genera: Ceratites and Baculina. 


1. Shell spiral, the turns touching, in the same plane. 


57. Crratites, de Haan, 1825. 


From Triassic into Cretaceous. 


2. Shell straight. 
58. Bactrina, d’Orbigny, 1850. 


Cretaceous. 


XII.—Shell many chambered ; the last (exterior) chamber large; siphuncle marginal 
(dorsal) ; the edges of the partitions (septa), which separate the chambers, 
folaceous. Ammonitipa@ (Owen, 1836). ‘Thirteen genera: Ammonites, 


Crioceras, Toxoceras, Scaphites, Ancyloceras, Ptychoceras, Hamites, Hamulina, 


Baculites, Turrilites, Helicoceras, Heteroceras, and Anisoceras. 


1. Shell spiral, in the same plane. 


59. Ammonirtss, Bruguiére, 1789. == Ammonis cornu, Auctorum. = Planorbites, 
Lamarck, 1799. = Planulites, Lamarck, 1801. == Amaltheus, Montfort, 1808. 
= Orbulites, Montfort, 1808. == Globites, de Haan, 1825. = Planites, de Haan, 
1825. 


Turns of the shell in contact, overlapping ; siphuncle on the exterior side; Triassic 
into Cretaceous. 


Aprycuus, H. von Meyer, 1831. = Trigonellites, Parkinson, 1811. = Tellinites, 
Schlotheim, 1820. == Minsteria, Deslongchamps, 1835. == Ichthyosiagones, Bourdet, 
1822. 


Opercula, or doors, closing the external opening of the Ammonite shell. 


Peltarion, Deslongschamps, 1859. 


Circular, or somewhat oval calcareous plates, with an undulating margin, supposed to 
be connected with the mandibles of the Ammonite animal; Lias into Oolite. 
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2. Shell spiral, turns of the shell not in contact, in the same plane. 


60. Criocuras, d’Orbigny, 1840. = @roceratites: Leveillé, 1837. == Tropzum, 
Sowerby, 1840. 


Cretaceous. 


2. Shell an are of a spiral, in the same plane. 


61. Toxocrras, d’Orbigny, 1840. 


From Oolitic into Cretaceous. 


4, Shell changing from a spiral, in the same plane. 
62. Scarnites, Parkinson, 1811. 


Turns of the shell at first spiral, in contact, and overlapping, afterwards tangentially 
divergent ; finally recurved and not in contact ; Cretaceous. 


63. AncyLoceras, d’Orbigny, 1840. 


Turns of the shell at first spiral, zof in contact, afterwards tangentially divergent ; 
finally recurved, and not in contact ; from Oolitic into Cretaceous formations. 


5. Shell forming straight and curved lines, in the same plane. 
64. Prycnoceras, d’Orbigny, 1840. == Ptychocerus, King, 1844. 


The shell at first straight, afterwards curved, and next straight, the turns in contact ; 
Cretaceous. 


65. Hamitss, Parkinson, 1811. = Baculita, Fleming, 1828. = Toxerites, 
Rafinesque, 1819. 


The shell at first straight, afterwards curved, and next twice repeating the process ; 
the arrangement forming a species of compressed spiral; the turns zof im contact ; 
Cretaceous. 


66. Hamuutna, d’Orbigny, 1850. 


The shell at first straight, afterwards curved, next straight; the turns zo¢ in contact ; 
Cretaceous. 


6. Shell forming a straight line. 


67. Bacutites, Lamarck, 1801. == Homaloceratites, Htipsch, 1781. = Tiranites, 
Montfort, 1808. 


The shell slightly conical; Cretaceous. 
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7. Shell spiral, not in the same plane. 


68. Turritrres, Lamarck, 1801. == Turrites, de Haan, 1825. == Turrilithes, 
Bronn, 1832. 


‘Turns of the shell spiral, in contact ; Oolitic into Cretaceous. 


69. Henicocrras, d’Orbigny, 1840. = Helicocerus, King, 1844. 


Turns of the shell spiral, zo¢ in contact ; Oolitic into Cretaceous. 
8. Shell forming straight and curved lines, not in the same plane. 


70. Hernrocrras, d’Orbigny, 1850. 


Turns of the shell at first spiral and in contact, not in the same plane, afterwards 
tangentially divergent, finally recurved and zo¢t im contact, and produced at a different 
angle to that of the spiral ; Cretaceous. 


71. Antsoceras, Pictet, 1854. 


Turns of the shell at first spiral, not in the same plane, next tangentially divergent, 
and finally recurved, none of the turns in contact ; Oolitic into Cretaceous. 
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RANGE OF THE GENERA OF THE FOSSIL CEPHALOPODA IN 
GEOLOGICAL TIME.’ 


Drawn uP BY THE Rev. T. Wittsurre, M.A., F.G.S., rv 1867. See page 203. 
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1 The stars opposite a genus in one or more of the columns show that the genus existed in the 
geological period referred to in the column or columns. 
* The Jurassic formation includes the Oolite and the Lias. 
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MODERN CLASSIFICATION OF THE AMMONITIDA. 


The essential characters on which Von Buch and d’Orbigny based their Ammonite 
groups were derived—l1st, from the greater or lesser complication in the ramifications of 
the suture-line, and the character of the lobes and saddles formed therefrom; 2nd, the 
position and structure of the siphuncle; and, 3rd, the form of the spiral of the shell. 

The first, we have already seen, Von Buch considered of primary importance, and on 
this alone proposed the families, as he called them, in his classical memoir, of which I have 
given a résumé. Subsequent observations, however, made by many independent students 
have taught them that this character, although an important one, is not so stable as the 
great naturalist believed—a fact which we have ascertained by noting the changes from 
simplicity to complexity in the morphology of Goniatites, Ceratites, and Ammonites. In 
adult life, however, the form of the suture-line is a valuable character, and ought to be 
accurately drawn from careful tracings made on the specimens themselves over the natural 
lines, and not given as mere sketches by the artist, as is often the case ; in tracing the 
lines we have a natural autograph, by the other mode a mere ideal representation ; so 
that, whenever suture-lines are exposed and can be traced on the specimen, they should 
be carefully noted and recorded. 

In all the Ammonitipa# the position of the siphuncle is invariably in the centre of the 
abdomen, and in the outer margin of the greater curvature of the spiral of the shell 
opposite to the columella or dorsal border. The presence or absence of a keel in which it 
is sometimes lodged, and the roundness or flatness of the siphonal or abdominal area, 
all afford specific characters which it is important to note. 

The form of the spiral described by the growth of the shell has been taken by 
Parkinson, Lamarck, d’Orbigny, Hauer, and Léveille as a basis for the establishment of 
several genera, and from this character alone we have the following sixteen genera : 


Ancyloceras, d’Orb. Famulina, V Orb. 
Anisoceras, d’Orb. Helicoceras, VOrb. 
Buculina, VOrb. Heteroceras, d’Orb. 
Buculites, Lam. Ptychoceras, VOrb. 
Choristoceras, Hau. Rhabdoceras, Hau. 
Cochloceras, Hau. Scaphites, Park. 
Crioceras, Lév. Toxoceras, VOrb. 
Hamites, Park. Turrilites, Lam. 
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The character derived from the spiral of the shell is only valuable when taken in 
connection with others, to which it becomes subordinate. 

The careful study of the immense collections of Ammonites that have been slowly 
accumulating during the last twenty-five years from the Triassic, Jurassic, and Cretaceous 
rocks has disclosed the fact that the earlier Palaeontologists established very many of 
their species on characters derived either from young specimens, or from fragments 
belonging to different phases of growth of the same species. This cause has helped to 
explain the hopeless nature of the task which the practical Paleeontologist had to encounter 
some years ago, when he attempted to correlate species found in strata of the same age in 
different regions of Hurope, so that an analysis of the synonyms of many forms discloses 
the circumstance that the species had been described under different names by the same 
author, from his having unwittingly studied different stages of growth of the same shell, 
an error which was only detected many years afterwards, when more perfect specimens of 
the fossil had been discovered, so that much confusion resulted from premature attempts 
to generalise when the necessary details were absent. Having often lost my way in this 
vast labyrinth of “species,” and noted that one cause of the difficulty arose from the 
fragmentary nature of the materials at the disposal of the earlier observers, and likewise 
from the fact, unknown at the time, that most Ammonites change their form during 
crowth, I felt it imperative on the Paleontologist to examine the morphology of every 
species in order to place its history on a scientific basis. I have for many years pursued 
this method in the study of Liassic and Oolitic forms, and learned therefrom the numerous 
‘sources of error and perplexity which beset my early studies, and have discovered that 
. many species pass through important changes of structure between youth, maturity, and 
old age, the amount of change varying considerably in the different generic groups, and 
that this character should form an important element in their diagnosis.’ 

After Leopold von Buch, the first great reform in the classification of the AMMonITIDz 
was made by my learned and esteemed friend Professor Edward Suess, of Vienna, who, in 
a memoir,’ ‘ Ueber Ammoniten,’ communicated to the Vienna Academy, pointed out some 
important characters in the structure of the Ammonite shell which had been overlooked 
or underestimated by former observers, such as the form of the aperture and the 
structure of the central and lateral processes, which were often developed from its margin ; 
and, secondly, the size of the body-chamber, considered in relation to the length of 
the last whorl. The study of these characters of course necessitated the discovery and 
study of perfect specimens, and the whole anatomy of the shell received more attention from 
him than it had done in the hands of his predecessors. By an application of the facts 
obtamed therefrom Suess established three new genera, Arcestes, Lytoceras, and Phyllo- 
ceras on a very solid foundation. Five years later he extended his studies on the spiral 


1 «Qn the Development of Ammonites,” ‘ British Association Reports,’ Bath Meeting, p. 73, 1864. 


2 ‘Ueber Ammoniten,’ erste Abth., Sitzungsber, Nat.-wiss. Classe Wiener Akademie, Band 52, 1865. 
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of the Ammonite shell,’ “ Die Zusammensetzung der spiralen Schale.’’ The reform so well 
inaugurated by Professor Suess was ably followed up by Dr. W. Waagen,” who directed 
attention to the importance of the study of the Avtychus and Anaptychus, and the presence 
or absence of this body in the Ammonite shell. The observations made by Waagen on 
the Aptychus he described and applied in the diagnosis of the genera proposed for several 
Jurassic species. In the following figure the Aptychus carinatus (fig. 98) 1s seen apart 
from the shell. In figure 97 it is seen lying in the body-chamber of an Ammonite, 
and in figure 99 the Aptychus is vertical, as if closing the aperture of the shell. 
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The following organic features are considered as elements of primary importance in 
studying the Ammonite shell, and their combination constitutes characters for the 
diagnosis of the generic groups. 

Firstly —The structure of the lobes and their suture-line have been fully studied by 


Fic. 100.—Disposition of the lobes Fie. 101.—Disposition of the lobes Fre. 102.—Disposition of the lobes 
(p, L, L’, a) in Amal. margari- (D, L, L', a) in Phylloceras hetero- (p, L, L’, a) in Phyll. heterophyl- 
tatus, Montf. phyllum. lum, Sow. 


1 «Ueber Ammoniten,’ 2 Abth., Sitzungsber. der Mathemat. Classe der Wiener Akademie Band 
61, Abth. 1, 1870. 
2 «Die Formenreihe des Ammonites subradiatus,’ Benecke’s ‘Geogn.-Paleont. Beitrage,’ Bd. ii, 1869. 
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Von Buch, d’Orbigny, Quenstedt, and Oppel. I have given a résumé (pp. 181, 182) of the 
descriptions of the lobes and ramifications of the margin of the septa in treating of the 
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Fre. 103.—Disposition of the lobes (t, 1’, Fre. 104.—Form of the subdivisions of the Fie. 105.—Mould of the disposition 
a, a) in Ceratites nodosus, De Haau. lobes (L) and saddles (s) in Ammonitide. of the lobes (1, p, v) of Phylloceras. 


classification of the Ammonrtip#®, and have shown that the points of the foliations are all 
directed backwards towards the winding of the spire, and the convexities all look forward 
towards the aperture (as seen in figs. 100, 102) in 
the ramified foliations of the suture-line; where 
they are folded the elevations are called saddles 
and the intervening depressions lobes. In the 
Ceratites these parts are very simple, as shown in 
Ceratites nodosus (fig. 106), where the dentated 
lobes are seen to point backwards and the rounded 
saddles look forwards. ‘Those parts are more com- 
plicated in Amaltheus margaritatus (fig. 100), and 
still more so in Phylloceras heterophyllum (fig. 102), 


Hig 1G eer a emacs view. in which the auxiliary lobes are numerous and well 
developed. Figs. 101, 102 show the disposition 

of the lobes of this beautiful Ammonite from the Upper Lias. 
Secondly.—The shape of the aperture and the structure and development of the 
mouth-border of the shell vary very much in the different groups, and the special form 
which the border presents in different Ammonites affords an element of importance in 
defining the diagnosis of genera. ‘The difficulty which the paleontologist experi- 
ences in obtaining Ammonite shells, or moulds of such, in which the aperture with 
its border is preserved, has long prevented this anatomical character from being 
used in constructing the diagnosis of the different groups; at length, however, many 
specimens have been found, and we have ascertained that important differences do exist, 
and, perhaps, many more will be discovered by continued researches made along the 

same line of investigation. 

In Ariedites, as seen in Arietites rotiformis (fig. 108) and Aretites obtusus (fig. 109), 
the sides of the mouth-border are simple, and the ventral portion is more or less pro- 
duced, as indicated by the forward direction of the ribs in this region, these folds of the 
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shell being formed in fact by the secretion from the mantle during the stages of growth. 
We note likewise in 4. odfusus (tigs. 109, 110), and in its allied form A. sted/aris, that 


1 Y 


Fic. 108. ariedives rotiformis, Fre. 110. Fic. 109.—Arietites obtusus, 
Sow. Side view. Ventral view. Sow. Side view. 
in these species the structure of the outer lamina of the shell itself presents remarkable 
transverse and longitudinal lines, which form pits or punctations at the angles of their 
intersection, a character not observed in other allied species. 

In Aegoceras the form of the shell varies much, the mouth-border is simple, without 
lateral processes, and sometimes with a ringed contraction near the aperture and a pro- 
jecting ventral fold. The shell of Aey. planorbéis shows this structure well in one of 
the oldest Liassic forms of this group, and we see the same repeated in the young 
condition of Aegy. Henleyi = A. capricornus of Schloth (fig. 111). 


Fie. 111.—Aegoceras capri- - Fie. 112.—Amaltheus cor- 
cornum, Schloth. datus, Sow. 

In Amaltheus the siphonal or abdominal side of the shell, forms in general, a more 
or less sharp keel, often with an imbricated edge, which projects forward in a long 
pointed process. This is very well seen in Amaltheus cordatus (fig. 112), where the 
lateral ribs are observed bending obliquely forwards towards the aperture, and the keel 
when perfect projects forward in a spear-shaped process. In Amal. margaritatus the keel is 
beaded and prominent, the ribs bending forward in graceful sweeps towards the aperture. 
In Amal. oxynotus (fig. 113) the shell is discoidal, and the siphonal area has an edge almost 
as sharp as a currier’s knife (fig. 114); the sides are undulated, with falciform ribs 
derived from the original form of the aperture, and with a projecting ventral process. 
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Fic. 113.—<dmaltheus oxynatus, Quenst. Fie. 114.—Front view. 


In Harpoceras, which embraces the true Falcifers of von Buch, the sickle-shaped ribs 
announce a complicated structure of the mouth-border, with a projecting siphonal or 
abdominal area, and with lateral lappets of greater or less extent; they are small in 
Harpoceras serpentinum (fig. 115), in Harp. bifrons, Harp. Levisoni, and long and 
projecting in Harp. opalinum. I must refer to the plates of these species, and the 
descriptive text thereof, for many important details concerning the mouth-borders of 
flarpoceras. 
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Fig.115.— Harpoceras serpenti- Fie. 116.—Stephanoceras Fie. 117. Fie. 118. 
num, Schloth. Deslongchampsii, Defrance. Stephanoceras Braikenridgii, showing labial prolongations. 


In Stephanoceras the shell varies in form; the siphonal or abdominal area is, in 
general, rounded and without a keel or furrow, and the lateral ribs terminate in tubercles 
on the sides, from whence numerous folds branch out and extend over the abdomen to 
join their fellows from the opposite side. The mouth-border in Stephanoceras Deslong- 
champsw cousists of a thick band which encircles the aperture, as in fig. 116, and, by its 
prominence and inflexion on the sides, forms the main lateral portion of the ribs up to 
the tubercles which are prominent in this species, In Stephan. Humphriesianum the oral 
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band is more voluminous, and in like manner, as the mouth was developed onwards, the 
receding band formed the ribs and tubercles so well shown in that Ammonite. In 
Stephan. Braikenridgii the sides of the border develop long, inflected, lateral lappets, 
which bend over the aperture, as seen in figs. 117 and 118. A like form of mouth- 
border is seen in the shells of S/ephan. Sauzec and Stephan. linguiferum, and a still 
more marked variation of the lateral lappets is found, in Stephan. Gervillii, Stephan. 
Brongniartii, all derived from the Stephanoceras Humphriesianum zone of the Inferior 
Oolite, and Stephan. bullatum, from the Great Oolite. 

In Cosmoceras the sides are often highly ornamented with ribs and tubercles, which 
bespeak a corresponding development in the mouth-border of the shell. In Cosmoceras 
‘Jason (fig. 119) the lateral processes are very long, equalling two thirds the diameter of 
the last whorl. Many years ago a large number of this species were collected from the 
Oxford Clay near Chippenham, in a very perfect state of preservation, with the body- 
chamber and mouth-border complete. In other species of this group I have not been 
fortunate in finding the termination of the shell. 


Fie. 119. Fie. 120. Fie. 121. Fie. 122. 
Cosmoceras Jason, Reinecke. Hoplites mammillaris, Schioth. Floplites Martini, @ Orb. 


In Hoplites mammillaris (figs. 120, 121) we have another example showing how the 
remarkable ornamentation of some of the shells of this group depends on the develop- 
ment of the mouth-border. Here the ridges with their spines, and the valleys with 
their smooth surface succeed each other, owing to the advance of the calcareous oral band, 
and its temporary cessation of growth, producing the remarkable form of shell this species 
assumes (fig. 120). A similar condition of the mouth-border has formed the ornamented 
shell of Hoplites Martini (fig. 122), which I have collected in the Lower Greensand 
(Neocomian) from the Atherfield section, Isle of Wight. 

In Lytoceras the mouth is circular and without lateral processes: the shell is 
distinguished especially among its Liassic forms for the reticulate structure of the test 
and the prominent frills that are developed at intervals, as in Lytoceras fimbriatum 
(fig. 123). These fimbriz originated from a periodic activity in the secreting power of the 

30 
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mantle around the mouth-border of the species possessing these fimbriated projections. 
A similar structure is likewise found in Zy¢. Aircinum, from the Lyloceras Jurense zone. 


Fie. 123.—Lyloceras} fimbriatum, Sow. 


In Phylloceras the involute shell of this group is marked with true forward inclined 
lines of growth, indicating the presence of a ventral process at the abdominal side of the 
mouth-border, and this appears to have been the case in the only specimen with a fan- 
shaped body-chamber, Phylloceras heterophyllum (fig. 124), which I obtained from the 
Upper Lias at Whitby, of which I have given a figure on my Plate two thirds natural size. 

A remarkable form of mouth-border has been figured by Count Miinster under the 
name Scaphites refractus (fig. 125). In this species the abdominal or siphonal area forms a 
beak-shaped process, curved downwards towards the aperture, and the lateral processes 
rise into angular projections, producing a curious pentagonal-shaped oral aperture in 
this shell. 


Fie. 125. Fie. 126. Fie. 127. Fig. 128. 
Scaphites refractus, Miinst. Lobites delphinocephalus, Hauer. Trachyceras don, Mist. 


A still more remarkable mouth-border is seen in the curious example figured 
(fig. 126). Lobites delphinocephalus, Von Hauer, in which the siphonal area becomes 
inflated and projects forward as in a Scaphite in a remarkable peak-shaped prominence ; 
Count Minster, has figured a remarkable fossil, Zrachyceras Aon (figs. 127, 128), in 
which the ornamentation of the shell indicates a singular structure of the mouth-border. 


1 Written Aegoceras in error on page 198. 
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Thirdly.—If the structure of the mouth-border shows that Ammonites varied much 
in the anatomy of their head, mantle, and arms, the length of the body-chamber affords 
another character from which important deductions may be made. The capacity of this 
chamber was doubtless proportioned to the size of the contained animal, as seen in the 
Nautilus pompilius (fig. 129) of our seas, where the Mollusc is represented occupying the 
entire body-chamber, the outer margin corresponding to the ventral surface, and the 
columellar side to the dorsal surface of the animal. We have here likewise to note 
the position of the tentacles and the place of the hood, which may probably be the 
homologue of the Aptychus. The septa are likewise seen to be concave towards the 
aperture, and convex towards the spire of the shell, and they all are perforated at 
the centre by tke siphuncular tube, which proceeds from the posterior side of the 
Cephalopod to traverse the septa up to the last air-chamber. 


<l i} CONT 
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Fig. 129.—Vertical section of the shell of Nautilus 
Fig. 130.— Nautilus umbilicatus, pompilius, showing the siphuncle and the situa- Fie. 131.— Section of the shell 
Lam. tion of the animal in the last chamber. of Nautilus pompilius, Linn. 


In fig. 131 we have a vertical section of the Nautilus shell (fig. 130). The body 
in the section is seen to extend to one half of a whorl, and from the inner side of 
each septum we observe a short funnel-shaped process projecting backwards, which 
affords attachment to the membranous siphuncle seen fully 2” sété in fig. 129. The 
length and capacity of the body-chamber vary considerably in the different genera, and 
are found to have proportionate dimensions to that of the outer whorl; this appears 
to be constant in several of the groups on which careful observations have been made ; the 
difficulty experienced in obtainmg specimens in which the body-chamber is preserved 
is, however, a sufficient reason why more has not hitherto been done in this line of 
inquiry. 

In Arietites (fig. 132) it will be observed that the septa are convex towards -the 
aperture and concave towards the spire, whilst in Wautilus we have seen that the 
opposite condition prevails. The body-chamber in <Arietites is likewise very long, 
extending from one whorl to one whorl and a half in length. 
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Fig. 132.—Section of Arietites obiusus, Sow. Showing the size of the body-chamber and outward convexity of the septa. 


In Aegoceras the length of the body-chamber varies from two thirds of a whorl to an 
entire whorl. 

In Amaltheus the body-chamber is short, and varies from one half to two thirds of a 
whorl. 

In Harpoceras it 1s about two thirds of a whorl. 

In Stephanoceras it is from one whorl to one and a quarter in length. In 
Perisphinctes from two thirds to a whole whorl, and in Cosmosceras it is about half a 
whorl in length. In Phylloceras it is short and wide, and in Lytoceras it is round and 
two thirds of a whorl long. 

Fourthly.—YVhe shell of the AMMONITID& 1s a cone, which is more or less rolled up 
upon the same plane or im a spiral; and the various turns of the shell or the whorls, as 
_they are called, in general cover to a greater or less extent the preceding whorl; this 
is called the amount of involution of the whorls, a feature in the diagnosis of the shell 
which requires consideration when taken in connection with the other features I have 
described, as the extent of the involution is found to be generally the same in the different 
species of different groups. Some shells, for example, as those of Lytoceras (fig. 128), 
are only slightly involute; and others, like Arzedztes (fig. 108), have a wide umbilicus, with 
their inner whorls largely exposed; in others, as Amaltheus and Harpoceras, the whorls 
are much covered by the preceding whorl ; in some species of Piylloceras they are entirely 
enveloped ; and in others the umbilicus is completely closed. This character, the amount 
of whorl involution, appears to depend on the angle at which the shell bends round in the 
process of growth, and as it appears to be a very constant feature, is of value in forming 
a diagnosis of generic characters. On this subject the Rev. J. F. Blake observes, “ If we 
take any fixed point in relation to the shell—say a point in its surface or in the centre of 
its apertures, that point will describe a curve with the growth of the shell; and if this 
curve be projected on a plane it nearly forms the well-known ‘ equiangular spiral ;’ 
not exactly, however, because the growth does not begin from a point as it should, but 
from the circumference of the embryo; and it has, therefore, been proposed by 

1 ¢The Yorkshire Lias,’ p. 262. 
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Mr. Naumann to call it a ‘ concho-spiral.’ Taking, however, the former curve as an 
approximation to the form produced, we know that this depends for its shape entirely on 
the angle at which it is bent; and this depends on the law of the growth of the shell. 
Now, since this law is the same for all the. parts of the shell, it follows that the curve 
described by every point in the same plane is the same, only representing earlier or later 
portions of one and the same curve. If, therefore, in an Ammonite which is coiled on 
one plane it is necessary to go back an exact revolution of 360° to reach the part of the 
curve corresponding to the inner edge of the whorl, it is plain that this will be just in 
contact with the outside of the preceding whorl, which is an exact revolution behind. 
If we must go back further the inner edge of the last whorl will lie within the outer edge 
of the preceding, or the shell will be more or less involute ; if, on the contrary, we have 
to go back less, it will be uncoiled. The shape, then, of any shell coiled in one plane 
depends on the magnitude of two angles, viz. the angle of the spiral and the angle of 
retardation of the inner edge.” 

Lifthly.—The absence or presence of the Aptychus is the fifth character in the 
anatomy of the shell which requires our consideration. In several extensive groups the 
Aptychus is supposed to be absent, as in Phylloceras, Lytoceras, Arcestes, Trachyceras ; at 
all events it has not yet been found in these. It is present as a horny undivided 
body in Arietites, Aegoceras, and Amaltheus. It is divided or bivalved and calcareous in 
flarpoceras, Oppelia, and FHaploceras. It is thin, bivalved, and granulated externally in 
Stephanoceras, Perisphinctes, and Cosmoceras. It is thick, smooth, and punctated exter- 
nally in Stmoceras and Aspidoceras, and greatly resembles the large flat grinding teeth 
of certain genera of fishes from the Carboniferous Limestone ; these thick calcareous 
Aptychi consist of two layers, an inner and outer. The inner alone exhibits lines of growth 
concentric with the angle of each plate, which is-situated on that side of its broad end 
which is applied to its fellow of the opposite side. The outer layer is composed of many 
laminze, which in some forms have a porous structure and a punctated and polished 
surface; there is a remarkable contrast between the thick porous Aptychi of the 
Kimmeridgian Clay, and Upper Jurassic rocks of Germany, and the thin shelly Aptychi 
of the Ammonites from the Inferior Oolite, or the horny Azaptychi of the Lias 
formation. When found undisturbed they occupy the lateral wall about the middie 
of the body-chamber, having their base in general turned towards the mouth, as 
seen in figs. 97 and 99. The Solenhofen Lithographic Limestones contain several 
species of Ammonites with the body-chamber, mouth border and lateral processes of 
the shell all complete, and in these specimens the relative position of the Aptychi agrees 
with what I have stated. 

Having described in detail the five characters upon which palzontologists have based 
the diagnosis of genera, I now proceed to give the classification proposed by Dr. W. 
Waagen, as it exhibits, in an analytical form, the results of modern investigations on 
the different groups of the Ammonitide. 
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The difficulty of finding the Apéychus in sité in the shells to which it belongs will 
long render this important anatomical character of little practical value as a factor in the 
diagnosis of the different groups, and for this reason it has not been employed by 
Dr. E. Mojsisovics or by Professor Neumayr in the classifications given by them. 


The following classification of the new Ammonite genera was proposed by Dr. W, 
Waagen,' and a like grouping has since been published by M. E. Favre.’ 


GENERA OF AMMONITES. 
A. Aptychus ABSENT. 


Body-chamber short ; appendage ventral. PuyLLoceras, Suess. 
Triassic and Cretaceous. 
Body-chamber short, appendage dorsal. Lytocrras, Swess. 
Trias. Juras. Cretaceous. 
Body-chamber very long, one and a half to two whorls, ArcrstEs, Suess. 


mouth border dissimilar. Triassic. 
Body-chamber short, mouth-border falciform, appen- ‘T'Racuycuras, Laude. 
dage ventral, sculpture Argonautiform. Triassic. 


B. Aptychus PRESENT. 


I. Aptychus undivided. 
1. Horny (dnaptychus)— 
Body-chamber long, one to one and a half whorls, Anierirns, Waagen. 


mouth-border with poimted ventral appendage. Triassic and Liassic. 
Body-chamber from two thirds to an entire whorl, Ancocrras, Vaagen. 

mouth-border with rounded ventral appendage. Triassic and Liassic. 
Body-chamber short, one half to two thirds of a | Amauruzus, Mondfort. 

whorl, mouth-border with long ventral appendage. Trias., Juras., Cretaceous. 


2. Calcareous,—Aptychus Numida, Coquand. 
Shell unknown (Stdetes ?) Cretaceous. 


1 «Ueber die Ansatzstelle der Haftmuskeln beim Nautilus und den Ammoniden, Paleeontographica,’ 
Band xvii, 5, p. 197, 1867—1870. 


2 « Sur la Classification des Ammonites,” M. E. Favre, ‘ Bulletin de Soc. Géol. de France,’ 3e serie, 
tom. i, p. 353, 1873. 
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Il. Aptychus divided (bivalved) calcareous. 
1. Aptychus, externally furrowed. 
Aptychus thin, body-chamber short, mouth-border Harpoceras, Vaagen. 


falciform, with pointed ventral process Jurassic. 
Aptychus thick, body-chamber short, mouth- Oppztia, Vaagen. 

border falciform, appendage rounded ventral. Jurassic, Cretaceous. 
Body-chamber short, mouth-border witha groove Hapioceras, Zitéel. 

or enlargement near the aperture, mouth-border Jurassic and Cretaceous. 


with lateral auricles, and rounded ventral appendage. 
. Aptychus thin, granulated externally. Body- Srepuanoceras, Vaagen. 
chamber long, mouth-border simple, or furnished Jurassic and Cretaceous. 


(eS) 


with bands or auricles. 
Body-chamber long, aperture narrowed by a PerrispHinctes, Vaagen. 


furrow, simple, or provided with auricles. Jurassic and Cretaceous. 
Body-chamber short, aperture simple, or furnished Cosmocgras, Waagen. 
with auricles. Jurassic and Cretaceous. 


3. Aptychus thick, smooth, and punctated externally. 
Body-chamber long, umbilicus wide; shell with Simocsras, Ztétel. 


furrows, aperture with a ventral nasiform appen- Tithonic = the uppermost 

dage. Jurassic strata. 
Body-chamber short, mouth-border in general Aspipocrras, Zttel. 

simple. Jurassic and Cetaceous. 


Since the above scheme was proposed many important additions have been made to 
the number of genera. Dr. EH. Mojsisovics has revised the family Arcrstipa#, and 
grouped therein several new generic forms discovered by him in the Zlambach und 
Hallstatter-strata, and which are figured in detail in his splendid Monograph." 

Professor M. Neumayr, of Vienna, has proposed the genera Olcostephanus, Hoplites, 
Acanthoceras, and Stoliczkaia for certain forms which have been detached from other 
genera owing to the discovery of new characters in these special forms, and Dr. Waagen 
has proposed the genus Peltoceras for certain forms which he has described in his great 
work on the Jurassic Cephalopoda of Kutch in India. 

As new discoveries are made in the intricate structure of these polythalamous 
shells many errors will be corrected, omissions supplied, and new genera erected for the 
reception of the revised types of this wonderful assemblage of Cephalopoda which have 
been collected from the Secondary (Mesozoic) rocks of the Continent of Europe, and from 
beds of the same age in Asia. The Cephalopoda of the Cretaceous Rocks of Southern 
India have been admirably figured and described: Belemunitide and Nautilide, by Henry 


1 «Das Gebirge um Hallstatt,’ Wien, 1875. 
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F. Blanford, Esq., F.R.S.; Ammonitide, with revision of the Mautilide, &c., by the late 
Dr. Ferd. Stoliczka; and the Jurassic Fauna of Kutch, Belemnitide, Nautilide, and 
Ammonitide, by Dr. W. Waagen. All these works are contained in the Palgontologia 
Indica, and form part of the Memoirs of the Geological Survey of India. 

I beg to return my best thanks to H. B. Medlicott, Esq., F.R.S., Director of the 
Geological Survey of India, for a copy of these valuable works so useful to me at 
present, and most important to all Students of Palzontology. 

Professor Alpheus Hyatt published in the Bulletin’ of the Museum of Comparative 
Zoology, Harvard College, Cambridge, Mass., U. S., a remarkable memoir on the Fossil 
Cephalopods contained in the Museum of that College, in which he gave an outline of a 
new classification. and nomenclature of these fossils. He states that the Ammonoids 
including all the Cephalopods with serrated or foliated septa, the Clymenie, Goniatites, 
Ceratites, and Ammonites proper, were separated by the late Professor L. Agassiz from 
the Nautiloids and Dibranchiate Cephalopods, as a distinct order. For many years past 
Agassiz had considered some of these groups as natural families, and deemed them capable 
of a division into subordinate groups of generic importance. He imparted this funda- 
mental idea to Professor Hyatt, at the beginning of Hyatt’s studies on these interesting 
fossils, and selected the five genera which are referred to his authority (Aruzoceras, 
Discoceras, Rhacoceras, &c.) as examples of the manner in which the subject should be 
treated at the time the investigation was recommended to his pupil. 

The materials in possession of the Museum were all derived from typical European 
collections, as those of Professors Bronn and de Koninck, MM. Boucault and Duval, 
. the late Dr. Krantz, and the Museum of Stuttgart. 

The position of the female 4rgonauta in its shelly case, says Prof. Hyatt, and of the 
WVautilus in its shell, show conclusively that the periphery of the whorls of an Ammonite 
is the abdominal side, as stated by Professors Owen and Pictet. This view, therefore, is 
adopted, and the outer side of the whorl is called the ‘‘ abdominal,” and the inner the 
‘dorsal ”’ side, in accordance with their opinion. 

The Lower Lias Ammonites are distributed into four families—PsrocuraTIDé 
Discoceratipa, Liparocrratip&, Deroceratipa. 

The Middle Inas forms are grouped into seven families—LrparoceratiDA, 
Derocrratipa#, THysanoip#, Dactytoipz#, Psaymaroipa, AMaLTHEOID®, CycLo- 
CERATIDA. 

The Upper Inas species are distributed into the following six families :—Disco- 
CERATID@, DEROCERATIDZ£, DactyLoip#, THysanoip#, Puymatoipa, Hi~poceratipZ. 


In the following analysis of this memoir I shall select the most typical examples of 
each genus under the name they will be described in this Monograph. 


1 «Bulletin of the Museum of Comparative Zoology, Harvard College, Cambridge, Mass.,’ vol. 1, 
No. 5, p. 71 (No. 5 bears no date, but No. 4 is dated June, 1865, and No. 6 is dated December 26th, 1867). 


MODERN CLASSIFICATION. 233 


Lower Lias. 


PSILOCERATIDA. 
Shell smooth. Umbilicus open, exposing the sides of the whorls; sides depressed. 


Genus Psiuoceras, Hyatt.— Abdomen smooth; shell often folded; sides depressed. 
Whorls enveloped to the line of the superior lateral lobes. Example: Aegoceras 
planorbis, Sow. The other forms described by Hyatt appear to me to be well-known 
varieties of Aeg. planorbis (Pl. XIV, figs. 1, 2, 3, 4). 


DiIscocERATIDz.! 


Genus ARNiocERAS, Agassiz.—Abdomen keeled and channelled, but both parts are 
variable, being sharply defined in some and very shallow in others. Ex. Arietites 
semicostatus, Young and Bird (PI. I, fig. 4). 

Genus Oputoceras, Hyatt.—Keel constant, sometimes obscure. Pile? straight, 
depressed ; umbilicus open; sides exposed. Hx. Arietites raricostatus, Zieten (PI. 
VII, fig. 2). 

Genus Discocreras, Agassiz.—Abdomen keeled and channelled; both characters 
constant, although the channels are sometimes nearly obsolete. Piles smooth. Genicule 
curved forwards. Umbilicus open; sides flattened and exposed. Abdomen depressed. 
Hx. Arietites Conybeari, Sow. (Pl. II, fig. 1). 

Genus Coronicreras, Hyatt.—Keels prominent, constant; channels well defined. 
Pilz tuberculated and bent. Umbilicus open, sides of the whorls exposed. Pilz pre- 
ceded by a line of tubercles in the young, which gradually elongate to form the tuber- 
culated pile of the adult. Ex. 4. Buckland, Sow. (Pl. I, fig. 1), Arietites bisulcatus, 
isyue. (Pl. ID, fig. 1). 

Genus Asterocreras, //yatt——Keel well-defined, but varies from prominent and 
narrow to depressed and broad. Channels obscure to deep and well-defined. Pilz 
smooth, depressed, often bent on the sides, and appear in the young as lateral folds or 
large tubercles. Hx. Arietites obtusus, Sow. (Pl. XXI), A. stedlaris, Sow. (Pl. XXII). 


LIPAROCERATID, 
Genus Microcrras, Hyatt.—Abdomen flattened ; sides rounded or depressed. The 


1 This group equals Arietites. 
2 Pile means ribs; and genicule, the knees or bending of the ribs. 
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pile in the adult are undivided on the abdomen, and continuous with the large, single 
lateral pilee, which last may be ornamented with one or two rows of small tubercles, or 
may be bare. Ex. Aegoceras polymorphum, Quenst. (Pl. XL, fig. 1). 


DEROCERATIDA. 


Genus Drroceras, /yatt—Whorl circular; pile depressed; linear between, and 
bifurcated on the tubercles. 'Tubercles large, prominent, pointed, and in a single row. 
Ex. Aegoceras planicosta, Sow. (Pl. XXIV). 


Middle Lias. 
LIPAROCERATIDA. 


Genus Microcrras, Hyatt.—Ex. Microceras planicosta = Aegoceras planicosta, Sow. 
(Pl, XXIV); JMMeroceras maculatum, Young and Bird = Aegoceras capricornus, Schloth. 


Genus ANDRoeyNocERAS, Hyatt.—The sides of the adult whorl slope outward and 
are ornamented with pile, usually single, and set with two rows of tubercles. Abdomen 
narrow. ‘The large pile of the young are split into smaller pila on the abdomen of the 


adult, but usually retain the characters of Mtcroceras until a late period of growth. | 


“Ex. degoceras heterogenum, Young and Bird = deg. hybridum, d’Orb. (Pl. XXXVI). 
Genus Liearocrras, /Hyatt.—This genus differs from both of those previously 
described in the greater breadth of the abdomen, the greater increase of the radii of the 
spiral, consequently smaller number of whorls and the larger size of the species. Ex. 
Aegoceras Henleyi = Aeg. striatum, Remecke ; Aeg. Bechei, Sow. (Pl. XXXIII). 


DEROCERATID 2. 


Genus Durocrras, Hyatt.—Ex. Deroceras Davei= Aeg. Davai, Sow. (Pl. XXXI, 
fig. 1); Deroceras densinodum = Aegoceras densinodum, Quenst. (Pl. XX XVIII, fig. 5); 
Deroceras armatum = Aegoceras armatum, Sow. (Pl. XXVIII, fig. 1). 

Genus Prronoceras, Hyatt——Abdomen depressed; pile flattened; linear between 
the tubercles ; usually but not invariably bifurcated by the tubercles on the sides, though 
invariably bifurcated on the abdomen. Ex. Stephanoceras fibulatum, Sow., and Steph. 
subarmatum, Sow. ; both are Upper-Lias species. 


'THYSANOIDA. 


This family includes the Fimbriati, Ligati, and Heterophylli, which agree in the 
foliaceous character of the septa. 
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Genus Tuysanocrras, Hyatt.—Abdomen rounded; whorls exposed; amount of 
involution about one third of each interior whorl. Ex. Lytoceras fimbriatum, Sow. 
(Pl. XLIV). 

Genus RHACOocERAS, Agassiz.—Abdomen rounded ; sides of the whorls flattened ; 
envelopment extends about two thirds over each of the interior whorls, or entirely 
encloses them, covering up the umbilicus. Ex. Phylloceras Loscombi, Sow. (Pl. XL, 
fig. 4), Aegoceras Ibex, Quenst. (Pl. XXXIX, fig. 4). 


DacrTyYLoIpDs&. 


This family includes the Planulati and part of the Mucrocephali. 

Genus Ca@xoceras, Hyatt—Pile on abdomen bifurcated; lateral pile single, or 
bifurcated with one external row of tubercles on each; the young flatter than the adult ; 
the first two whorls smooth, the others tuberculated. Ex. egoceras pettos, Quenst. 
(Pl. XXXVII, figs. 5—7). 


PHYMATOIDA. 


Genus Puymatoceras, “Hyatt.—Abdomen rounded or flattened, never acute; no 
channels in the adult. Young smooth on the first or second whorl, tubercles appear on 
the second or third, and, gradually dividing, spread themselves out upon the abdomen as 
bifurcated pile, which disappear on the borders of the channels. Keel makes its appear- 
ance at an early age. Ex. Phymatoceras robustum, Hyatt. 

Genus Hammatoceras, fHyatt.—Abdomen rounded or acute, always keeled, but 
never sulcated. Pile prominent and straight. Envelopment extending over one half the 
width of the sides, or covering only the abdomen of each internal whorl. ‘The two 
species cited are H. insigne, Schubl., and ZZ. variabile, @Orb.; these, however, are found 
only in the Jurense-zone of the Upper Lias, and not in the Lower Lias, as our author has 
placed them. 


AMALTHEOIDA. 


Genus Punvroceras, Hyatt.—Abdomen flat, with keel and channels well-defined ; 
keel crenulated ; channels vary from obsolete to deep and well-defined. Pile swelling 
below, tuberculated; genicular bend prominent. ‘Tubercles lateral, arranged along 
the line of envelopment. Umbilicus open. Ex. Amaltheus spinatus, Brug. (Pl. L), 
the other species cited by our author P. Hawskerense, costatum, &c., are mere varieties 
that well-known species of Bruguicre. 

Genus AMauTunus, Montfort.—Abdomen acute, keeled, and channelled; whorls 
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compressed. Keel crenulated and well-defined. Umbilicus open, whorls exposed, or 
only partially involuted. Ex. Amaltheus margaritatus, Mont. (Pl. XLIX); the other 
forms named are all varieties of Montfort’s capital typical species. 


CYCLOCERATIDA. 


This family is remarkable for containing species which, on one side, ally it with 
LIPAROCERATID#, and, on the other, with Hinpocrratipaz. The form is more com- 
pressed than the former, and the tuberculations of the pile: separate it from the latter. 

Genus PuatypLEvroceras, Hyatt—Abdomen nearly as broad, or broader than the 
dorsal side of the whorl. Pile single, tuberculated, and extending across the rounded 
abdomen. Septa minutely divided by minor lobes. Ex. Aegoceras latecosta, Sow. 
(Pl. XXXII, fig. 1). 

Genus Cryctocreras, Hyatt—Abdomen rounded or keeled, not so broad as the dorsal 
side of the whorl. Pile single, tuberculated, and not extending across the abdomen in 
the keeled species, young smooth for the first two or three whorls, then becoming ribbed. 
Ex. Aegoceras natriz, Schloth. Aegocer. Valdani, d’Orbig. (Pl. XX XVIII, figs. 1—4). 

Genus Tropipoceras, Hyatt.—Abdomen invariably keeled, much narrower than the 
dorsal side of the whorl. Pile single, smooth, or tuberculated in the same species, do 
not extend across the abdomen in any species. Young smooth for one or two whorls, 
keel and pile appear simultaneously. Ex. Harpoceras Masseanum, WV Orb. 


o 


Upper Inas. 


DIscocERATID&. 


Ophioceras Levesque, VOrb. = Harpoceras Levesquet, dOrb. 


TDEROCERATID A. 


Deroceras subarmatum, Sow. = Stephanoceras subarmatum, Sow. 


DacryLoIpaA. 


Celoceras Grenouillouxii, d’ Orb. = Aegoceras pettos, Quenst. (Pl. XXXVI, figs. 5—7). 


Genus Dacrytioceras, /Zyatt—Abdomen equal in breadth, or less in width than 
the back, instead of being broader than, or equal in breadth to the back, as in the pre- 
ceding genera. The lateral pile in the adult are smooth, and invariably single; the 
abdominal pile: may be either bifurcated or single. Ex. Stephanoceras commune, Sow. 


MODERN CLASSIFICATION. 237 


THYSANOIDA. 


Thysanoceras cornucopia, Th. Jurense, Th. hircinum, and Th. torulosum, given as 
examples, all belong to the genus Lytoceras. 
Rhacoceras heterophyllum, Sow. = Hx. Phylloceras heterophyllum, Sow. 


PHYMATOIDA. 


Phymatoceras enervatum, Hyatt. 

Ammatoceras insigne, Schubl., and 4. variabile, d’?Orb.—These species had been 
already referred to the genus Hammatoceras, and placed, through an oversight of the 
author, in the Middle Lias. 

Genus Pruecocrras, /yatt—This genus is not well defined. Pelecoceras 
attenuatum, Hyatt. 


HILpDocrrAtTID am. 


Genus Hinpoceras, Hyatt—Abdomen keeled and channelled; pile large and 
broad. Young with first whorl smooth. Ribs, keel, and channels appear on the second 
whorl. The ribs begin as folds, and bend, as in the adult, but with the abdominal bend 
inclined more towards the apex. Ex. Harpoceras bifrons, Brug. (Pl. LIV) =H. Walcotii, 
Sow., which our author makes a distinct species: 7. Walcotit is the true H. bzfrons, Brug. 

Genus Grammoceras, Hyatt.—Abdomen keeled, but not channelled; whorls 
flattened laterally giving a discoidal aspect to the shells. Ribs finer and less prominent 
than those of Hildoceras. The young also continue smooth much longer, and channels 
never appear. Ex. Harpoceras serpentinum (PI. LIIT). 

Genus Letocnras, [Hyatt.—Abdomen keeled, acute; sides of the whorls flattened ; 
envelopment uniformly greater than in Grammoceras Hx. Leioceras opalinum, Rein. 


Professor M. Neumayr, of Vienna, has contributed an important memoir, ‘ Die 
Ammoniten der Kreide, und die Systematik der Ammonitiden,” in which is brought into 
a continuous and connected form the progressive stages which the systematic study of 
Ammonites has made in the hands of the younger paleontologists of the German 
school since the time Professor Suess called their attention to the subject, in his classical 
memoir ‘Ueber Ammoniten,’ already cited in these pages. The works of Waagen, 
Mojsisovics, Hauer, Zittel, Laube, and his own important papers have all been put under 
contribution to bring the subject up to our present stand-poimt of knowledge. ‘The 
Ammonites are grouped into four families : 


1 «Zeitschrift der Deutschen geologischen Gesellschaft,’ p. 854, Jahrgang, 1875. 
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1. ArcrstsEs, Swess. 

2. Divymitss, JJojsisovics. 
3. Losites, JJojs. 

4. Prycnitrs, Mojs. 


9. Trovites, JZojs. 
10. Tracuycreras, Laude. 
11. Cuortstocrras, Mojs. 


II 


14. Lyvocrras, Swess. 
15. Hamites, Parkinson. 
16. Turrinites, Lamarck. 


‘T, ARCESTIDA. 
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Il. Troprripa. 


Ie: 
15. 


I. LyrockRaTID&. 


Ie 
18. 


IV. AEGOCERATIDA. 


19. Ancoczrras, Vaagen. 

20. Artetites, Waag. 

21. Harpoceras, Waag. 

22. OppEnta, Waag. 

23. Hapioceras, Ztéel. 

24. SrupHanoceras, Waag. 
25. Cosmocrras, Waag. 

26. AncyLoceras, d’ Orbigny. 
27. Bacunina, d’ Orbig. 

28. Simoceras, Zét. 


29. 
30. 
dl. 
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. Prnacoceras, Mos. 


SaGECERAS, Mojs. 


. Amatruevus, Montfort. 


SCHLOENBACHIA, Veumayr. 


RuHABDOCERAS, Suess. 
Cocuioceras, Hauer. 


Bacuuites, Lamarck. 
PuyLuoceras, Suess. 


Perispainctes, WVaag. 
OxcostePHANus, WVeumayr. 
Scapuites, Parkinson. 


. Hoprites, Veum. 
. AcANTHOCERAS, JVewm. 
. STOLICZKAIA, Veum. 


Crioceras, Léveillé. 


. Hereroceras, @’ Orbig. 
. Pettoceras, Waag. 
. ASPIDOCERAS, Ztét.” 


Norr.—The diagnoses of the families are here given in abstract from Prof. Neumayr’s work. 


I. Family.—Arcrstipm, Mojsisovics. 


Shell smooth or provided with transverse folds, ribs, or longitudinal lines. The wrinkle- 
layer (Runzel-schicht)' present in the more ancient forms; the lobes consist mostly of 
short, abruptly interrupted lines, seldom (only in Sageceras) granular. 
in the forms from the Trias, with more or less contraction around the mouth-opening 


1 This word has no equivalent in the English language, but it clearly means the wrinkled marginal 
layer of the mantle of the Molluse, which formed the lobe-lines of the septa, and imparted such an 


important character to the shells of the Ammonitide. 


Mantle-impression, 
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which is seen on the mould of the body-chamber, but is seldom visible on the chambered 
portion of the shell. Horny Aptychus probably present in Arcestes, certainly in Amal- 
theus, for the other forms doubtful. 


Genus ArcrstEs, Swess.— Shell in general smooth, seldom with longitudinal lines ; 
body-chamber long, from one to one anda half whorls. Spiral increase moderate ; strongly 
involute ; mouth-opening contracted, either by an eversion of the shell, or through a 
thickening of its inner lamina around the border. Lobes strongly incised, so that the 
saddles consist of a small stem, with numerous approximated horizontal branches, from 
which other bifurcations proceed. The umbilicus is often closed by shelly eversion. 

Dr. Ed. v. Mojsisovics divides the genus into the following groups :—Extra-labiati, 
Sub-labiati, Bi-carinati, Coloni, Intus-labiati, Galeati, and Sub-umbilicati, all of them 
characterised by more or less modified body-chambers of the full-grown individuals, and 
by a contraction of the umbilicus, frequently entirely occluded by a callosity. All these 
forms are accurately figured from perfect specimens in his splendid Monograph.! 

The typical Arcestes belong to the Trias. The species number about 130, and the 
Muschelkalk contains some highly developed forms. I cite three well-known species 
as types of this genus: Arcestes sub-umbilicatus, Bronn, Arcestes Gaytani, Klipstein, 
Arcestes Johannis-Austri@, Klipstein. 


Genus Dipymitss, v. Mojs.—General form and length of chamber as in the preceding; 
shell provided with folds and well-defined lines of growth ; through the whole length of 
the body-chamber up to the mouth-border there rises upon the convexity of the 
imner side of the shell a median ridge (normal line). The whorl is contracted near the 
mouth. The lobe-line is formed by a few pairs of small incised saddles which frequently 
alternate with single saddles. ‘The radial lines of growth on the shell, the median 
ridge on the ventral surface, and the peculiar arrangement of the lobe-line distinguish 
Didymites from Arcestes. All are collected from the Noric stage or division (Norische 
Stufe) of the Trias, near Hallstatt. 


Genus Loxitss, v. Mojs.—In the general form and length of the body-chamber it 
agrees with <drcestes and Didymites. Shell with transverse folds 
which are abundantly intersected with fine longitudinal lines. The 
last whorl takes on frequently a shape different from the form of the 
internal cast, and not unfrequently closes the umbilicus with a ¢ 
callosity. Most of the species are found in the ‘Triassic beds © 
(Carinthian division) with Lodctes ellipticus at Rothelsteins. I have 
cited as a typical example (fig. 133) Lodites delphinocephalus, Hauer, 


u Fig. 133.—Lobiles 
from that locality. delphinocephalus. 


1 “Das Gebirge um Hallstatt,’ 4to., with 70 plates, Wien, 1875. 
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Genus PrycurtEs, v. Mojs.—In its general form and length of the body-chamber it 
resembles 4rcestes, but differs from that group in the structure of the lobes, The 
external lobe is very shallow, the external saddle very short, the first lateral saddle is, on 
the contrary, very high; the saddles are indented, and show an appearance of a branched 
formation. The smooth shell is covered with straight or winding radial folds. The 
species are all Triassic. Hx. Pétychites Studeri, Hauer, Ptychites Dontianus, Mauer. 


Genus, Pinacoceras, v. MJojs.—Shell small, with a high mouth-opening, surface 
smooth, rarely with any elevations thereon; body-chamber from one half to two thirds of 
a whorl long. Mouth-border with short lappet-formed processes on the ventral side. 
Lobe-line distinguished by the presence of an additional external lobe. The species are 
all Triassic. Ex. Pénacoceras imperator, Hauer, Penacoc. Daonicum, Mojs. 


Genus Saceceras, v. JMojs.—In the form of the shell and length of the body- 
chamber this genus is nearly related to Pzmacoceras. It is distinguished from it by the 
structure of the ‘ wrinkle-layer,” the form of the lobes, and the direction of the lines of 
growth on the concave part of the shell. The “ wrinkle-layer ” is granular, as in Vautilus, 
and does not consist of long lines and threads as in other Arcestide. ‘The saddles are 
small, strongly marginate, or linguiform; the lobes symmetrical with simple conical 
indentations, single or double; there are three lobe groups as in Pnacoceras. ‘Three 
species belong to the Permian formation, Sag. Hauerinum, Kon., Sag. Orbignyanum, 
Vern., Sag. primas, Waag., the others are found in the Triassic rocks, Sag. Gabdi, Mojs., 
Sag. Haidingeri, Hau., Sag. Walteri, Mojs., Sag. Zigmondyi, Mojs. 


Genus Asanrnnus, Montfort.—Siphonal side of the shell sharpened or keeled; ribs, 
when present, flexed forward, and ending in a granular (fig. 135) or plaited ridge or keel 
(fig. 134); the external shelly lamina in some species develops fine spiral lines; body- 
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Fic. 184.—Amaltheus margaritatus, Mont. Fig. 135.—Amaltheus cordatus, Sow. 


chamber short ; one half to two thirds of a whorl. Mouth-border simple, ventral portion 
ending in a long projecting process. Lobe-line extremely ramified, the siphonal lobe 
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shorter than the principal lateral lobe, which is mostly broad and wedge-shaped. A 
divided horny Anaptychus has been found in this genus. 

The genus Amaltheus has an extensive geological range; it is found in the Trias, 
Amal. megalodiscus, Beyr., Amal. floridus, Wulf.; it is largely developed in the Jurassic 
strata, commencing with Amal. Guibalianus, VOrb., Amal. margaritatus, Mont. (fig. 134), 
and Amal. spinatus, Brug., in the Lias, and many forms are found in the higher Oolitic beds, 
as Amal. cordatus, Sow., Coral Rag (fig. 135) ; numerous species are likewise discovered 
in the Cretaceous rocks, as Amal. Gevrilianus, d’Orb., Amal. Vibrayeanus, d’ Orb. 


Genus ScuLonnBacuia, Veuwm.—Shell keeled, with strong forward-bent ribs on the 
sides, sometimes developing lateral tubercles. Body-chamber two thirds of a whorl 
long. Mouth-border falciform, ventral side with a forward directed process. Siphon 
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Fic. 136.—Schloenbachia Roissyana, Fie. 137.—Schloenbachia Fig. 138.—Sechloenbachia Goupilanus, 
d’Orb. cristata, Deluc. d’Orb. 


large, mostly lodged in the high keel (fig. 137); this genus is entirely limited to the 
Cretaceous rocks ; figs. 136, 137, and 138 represent typical forms of the group. 


Il. Family.—Tropitipa, Wojs. 


Shell more or less richly ornamented, and provided with radial ribs, which almost 
always support tubercles or spiny processes on the border of the siphonal area. Wrinkle- 
layer and impression on the surface of the mantle entirely wanting. 


Genus Troritus, v. Mojs.—Body-chamber from one and a half to one and three 
quarters of a whorl in length. The strong-ribbed sculpture is interrupted upon the 
ventral surface, and rises as a median keel on the same. ‘The ventral side of the mouth- 
border projects forward in a short broad lappet; the last whorl seldom loses the form 
and sculpture of the mner whorls. The lobes are characterised by a broad saddle stem 
with transverse incised branches, a transverse placing of the lobe points, great develop- 
ment of the chief lobes, and a remarkable diminution of the auxiliaries. All the species 


are Triassic. Ex. Zropites Pamphagus, Dittm., Trop. Saturnus, Dittm. 
32 
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Genus TracuycERAs, Laube.—Body-chamber short, from one half to two thirds 
of a whorl in length. The sculpture interrupted on the ventral surface (fig. 140.) In 


Fre. 139. Fic. 140. 
Trachyceras Aon, Minst. 


some species there is a deep median furrow, at which the ribs with their tubercles end. 
The mouth-border has a short ventral process. All the species are Triassic. Ex. 
Trachyceras Aon, Mist. (figs. 139, 140). Zrach. binodosum, Hau., Trach. Attila, Mojs. 


Genus Cuortstoceras, Hauer.—This genus is nearly allied to the preceding. The 
body-chamber is short; the lobes are very slightly imcised. ‘The inner whorls have 


their sculpture interrupted on the ventral surface, whilst on the last whorl it extends . 


-uninterruptedly across the abdomen. ‘The structure of the lobes shows a persistent 
relation to an older type, whilst in the sculpture on the ribs there is an evident 
inclination towards the Zrachyceras type. All the species belong to the Trias formation. 
Ex. Choristoceras decoratum, Hauer, Chor. noricum, Mojs., Chor. nasturtium, Dittm. 


Genus Ruaspocerras, /Zaver.—Staff-shaped and tubular, with expanded mouth, and 
with a transverse ring-like sculpture and simple bent lobes; the genus is very little 
known, and probably connected with Choristoceras, to which it stands very near. A. 


Suessi, Hauer. 


Genus Cocutocrras, Hauer.—The whorls are screw-shaped, with continuous ribs 
and simple bent lohes. This form is also near to Choristoceras ; it is found in the Trias 
beds at Zamblach and Salzkammergut. Cochl. Mischeri, Hau. 


TIT. Family.—Lytoczrativn, Neumayr. 


This family includes several groups which differ much from each other as regards their 
external form, but which nevertheless appear to have a close relationship in their 
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internal structure. They are characterised by having a short body-chamber, about 
two thirds of a whorl in length, a simple mouth-border slightly produced on the 
columellar side; but in all the other features there is a wide difference of structure. 
This family includes the typical groups Lytoceras and Phylloceras, and others which 
differ much from them in external form, as Hamites, Turrilites, and Baculites. 
The Aptychus appears to be absent in this family; at least, it has not as yet been 
found. 


Genus Lytocrras, Suvess.—Shell discoidal, more or less flat ; umbilicus large and open ; 
involution slight, whorls round, only slightly embracing each other around the spire. 
Body-chamber two thirds of a whorl in length; mouth-border simple, with imter- 
mittent contractions and prominent fimbriz; columellar side with a lappet which 
rests on the preceding whorl; the ventral and lateral sides without any prolongation. 
The sculpture and lines of growth parallel with the mouth-border ; near the spiral suture 
they bend a little forward. Sculpture feeble, consisting mostly of small radial lines, and 
intermittent contractions of the shell, with corresponding fimbriz or prominent fringed 
ribs at certain intervals of growth (fig. 141). Suture line very complicated. Lobes few, 
much branched; lateral lobes and saddles divided into smail 
uniform symmetrical digitations ; only two lateral lobes; and a 
large columellar lobe covered by the former whorl. No Aptychus 
has as yet been found. 

This genus commences in the Trias. Lyt. Morloti, Hauer ; 
Lyt. spherophyllum, Hauer; Lyt. patens, Mojs. 

It is represented in the Lias formation by Lytoceras fimbria- 
tum, Sow. (fig. 141). By Lyt. Cornucopia, Young ; Lyt. Jurense, 
Zitt.; Lyt. hircinum, Schloth.; and Lyt. torulosum, Schiibl. ; 


Fie. 141. 


Lyt. Budesianum, d’Orb., in the Inferior Oolite. By Lyt. Adela, — Lytoceras fimbriatum, Sow. 
d’Orb., in the Kelloway. In the Cretaceous rocks by Lyt. Duvalianum, VOrb.; Lyt. 
Honoratianum, VOrb. ; Lyt. sub-fimbriatum, VOrb. 

Dr. Waagen! has figured and described Lytoceras rex., Waag., from the middle 
Oolite of Kutch, Western India, which is nearly allied to Lytoceras Eudestanum, VOrb. ; it 


is a magnificent specimen 113 inches in diameter, with thirty fimbriz on its last whorl. 


Genus Hamires, Parkinson.—With reference to the Cretaceous forms having a conical 
shell bent in one plane or more without the bends being in contact, Professor Neumayr 
remarks that a spiral curve of a particular curvature does not give sufficient data for 
the establishment of a distinct genus. With this view the recognised genera Anisoceras, 
Ancyloceras, Baculina, Hamulina, Helicoceras, Ptychoceras, and Towxoceras, where the 


‘Paleeontologia Indica, Jurassic Fauna of Kutch,’ pl. viii, p. 36, 1875. 
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curvature receives many modifications, and exists in some of the examples in more than 
one plane, are all suppressed, and the whole series is reduced to the single genus Hamites, 
which, in the primary significance of the word, implied a conical straight shell, as 
Hamites elegans, VOrb. (fig. 142), bent in one plane, without the bends being in 


Fie. 142.— Hamites elegans, v’Orb, 


contact. The suture-line is divided into six lobes ; the upper lateral lobe always, the under 
lateral mostly, divided into pairs of branches. 


Genus Turriuirus, Lamarck.—Under this genus Professor Neumayr classes Helico- 
ceras (fig. 148), with an open spiral not in one plane, and /eteroceras, with a closed 
spiral only in the earlier stage of growth. In TZurrilites (fig. 143) the suture-line is 


Fie. 143.— Turrilites catenatus, d Orb. Fie. 144.—Helicoceras Robertsoni, d’ Orb. 


divided into six lobes, each formed of a single pair of digitations. The ventral lobe 
formed of a pair which are a little longer or shorter than the lateral. 


Genus Bacuuires, Lamarck.—This genus connects, according to Professor Neumayr, 
Lytoceras with Hamites in the structure of the principal lateral lobe. Baculites 
(fig. 145) has a straight conical shell. Mouth oval or compressed, provided on the ventral 


Fre. 145,— Baculites anceps, Lamarck. 
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side with a projecting linguiform process and two lateral grooves which extend to the 
opposite side of the shell. Septa symmetrical, divided into four or six lobes each formed 
of a pair of digitations. The ventral lobe equals in length the adjoining principal lateral, 
which is longer than the lower lateral, and the columellar is small or absent. 


Genus PuyLLocERAS, Suess.—Shell discoidal, highly involute, covered with very fine 
strize which describe graceful forward bent lines (fig. 147). Body-chamber short, mouth- 
border simple, with lateral Jappets directed forward. Lobes numerous and very com- 
plicated, as many as eight or nine on each side. Saddles bladder-shaped and well rounded 
(fig. 148); body-chamber widely expanded and fan-shaped, with undulating radiations in 
Phylloceras heterophyllum, Sow. 
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Fie. 146.—Disposition of the lobes Fie. 147.—-Phylloceras heterophyllum, Fic. 148.—Disposition of the lobes 
(D, L, L’, a) in Phylloceras hetero- Sow. Side view showing the lines and saddles (p, £, L’, a) in Phyll. 
phyllum. of growth. heterophyllum, Sow. 


Professor Neumayr' distinguishes, from the Dogger and Malm, four groups in this 
genus, of which the following are types:—I. Phyll. heterophyllum, Sow.; II. Phyl. 
tatricum, Pusch ; III. Phyll. Capitanei, Catullo ; IV. Phyll. ultramontanum, Zitt. 

This genus commences in the Trias with Phyll. debile, Hauer; Phyll Neojurense, 
Quenst.; Phyll. despectum, Mojs.; Phyll. occultum, Mojs. In the Middle Lias Phyil. 
Loscombi, Sow., Phyll. Zetes, VOrb. In the Upper Lias Phyll. heterophyllum, Sow., 
Phyll. subcarinatum, Young. In the Oxfordian Phyll. tatricum, Pusch., Phyll. viator, 
@Orb., Phyll. Hommairei, VOrb., Phyll. Zignoanum, VOrb. In the Cretaceous rocks 
Phyll. subalpinum, VOrb., Phyll. Vellede, VOrb. Dr. W. Waagen has figured and 
described’ several interesting species, closely allied to European forms, collected from 
the Upper Jurassic rocks of Kutch, Western India, by the Geological Survey of India. 


1 Neumayr, ‘‘ Phylloceratten des Dogger und Malm,” ‘Jahrbuch der Geol. Reichsanstalt,’ 1871, 
bd. xxi. 


2 ¢Paleeontologia Indica,’ pls. v, vi, vii, p. 25, 1875. 
fo) Pp ) Pp ? 
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IV. Family—Axrcocreratipa, Veumayr. 
Y y 


This family includes a considerable number of Ammonite groups which have widely 
different forms and affinities, so that it is almost impossible to give a general description 
of the family which shall be correct and comprehensive at the same time. 

The lobes present a great variety of ramified figures; the suture-line is in general 
complicated ; the siphonal lobe large, and the principal lateral and secondary laterals 
attain considerable dimensions. 

The siphonal or ventral area is in general round and well developed ; in some there 
is a keel with lateral channels more or less deeply grooved ; in others the shell is flattened 
and discoidal, with a wide open umbilicus ; or it is round and inflated, with highly involute 
whorls and a small umbilicus, sometimes nearly occluded by the last. In the presence 
of so much diversity in form and structure this family is subdivided into three sections : 

I. AncocrratitEs.—Aegoceras and Arietites. 

If. Harpocuratites.—Harpoceras, Oppelia, Haploceras. 

III. SreeHanoceratites.—Stephanoceras, Cosmoceras, Ancyloceras, Baculinu, Simo- 
ceras, Perisphinctes, Olcostephanus, Scaphites, Hoplites, Acanthoceras, Stoliczkava, 
Crioceras, Heteroceras, Peltoceras, Aspidoceras. 


Genus Ancocrras, Waag.—The form of the shell in this genus is very variable ; it 
1s flat and discoidal, with a wide umbilicus, or round and involute with a small umbili- 
cus ; in some shells the ventral side is convex and enlarged, and the sides highly orna- 
mented with ribs, tubercles, or elongated spines; in other species the sides have simple 
folds or undulations, as Aeg. Jamesoni, Sow. (Pl. XI, figs. 4—6) and some are smooth, 


nom, 
ey 


Fie. 149.— Aegoceras capri- 


Fie. 150.— Aegoceras Davai, 
cornum, Schloth. 


Sow. 


as deg. planorbis, Sow. (Pl. XIV, figs. 1—4). The ventral side is in general round, 
as deg, capricornum, Schlot. (fig. 149), and deg. Dave, Sow. (fig. 150); sometimes it 
is grooved by a median channel, which interrupts the passage of the ribs from the right 
to the left side of the shell, as is especially the case in deg. angulatum, Schlot. (Pl. XIV, 
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fig. 6) and dey. Charmassei, dV’Orb., (Pl. XX, figs. 2, 3). In all the species a keel is 
absent, and there are no lateral longitudinal channels in the siphonal or ventral area. 

The body-chamber varies in length from two thirds to an entire whorl. The mouth- 
border is simple; the edge has sometimes a thickened withdrawn lip and a ventral 
prolongation, and in 4eg. planorbis there is a contraction near the aperture (Pl. XIV, 
fig. 3), with no lateral auricles. The Axaptychus is horny, thin, and bivalved (Pl. XIV, 
fig. 3). 

The lobe-line is much ramified, and the lobes in general are very complicated. There is 
a highly branched principal lateral, a smaller lower lateral, and the siphonal lobe, less than 
the principal lateral, ends in two divergent branches. There are several small auxiliary 
lobes near the suture, which are concealed by the involution of the spire, as in 
Aeg. Charmassei, d’Orb. (Pl. XX). This genus may be naturally divided into four 
sections : 


Furst Section—Psi.onott. 


Sides smooth, or with undulated folds or straight ribs; suture-line simple; ventral 
area round and smooth. dey. planorbis, Sow.; Aeg. Johnstoni, Sow. ; Aeg. torus, 
q’Orb. ; Aeg. intermedium, Portlock; Aeg. Belcheri, Simp.; Aeg. liassicum, a’ Orb. 

All these forms are found in the Planorbis zone of the Lower Lias. 


Second Section—ANGULATI. 


Sides covered with sharply flexed ribs, interrupted on the ventral area by a channel 
more or less developed. deg. angulatum, Schl.; Aeg. Charmassei, @Orb.; Aeg. 
catenatum, Sow.; Aeg. lacunatum, Buck.; Aeg. Boucaultianum, VOrb. 

All these forms, the two last excepted, are from the Angulatum-zone of the Lower Lias. 


Third Section—ARMATI. 


Sides with numerous ribs, many of which develop tubercles or elongated spines ; 
in some forms they are absent. dey. Davai, Sow.; deg. planicosta, Sow.; deg. 
Birchii, Sow.; Aeg. armatum, Sow.; Aeg. Taylori, Sow.; Aeg. densinodum, Quenst. ; 
Aeg. brevispinum, Sow. ; Aeg. Valdani, VOrb.; Aeg. Maugenesti, WOrb. 

Aeg. planicosta and Aeg. Birchii are from the Upper Bucklandi beds of the Lower, 
and all the others are from the Jamesoni-zone of the Middle Lias. 


248 THE LIAS AMMONITES. 


Fourth Section—Invouvrt. 


Shell highly involute ; inner whorls sometimes almost entirely concealed. Shell during 
middle age often undergoes a great change of form, and the involution become less and 
the umbilicus widens. dey. Henleyi, Sow.; Aeg. striatum, Reinecke; Aeg. Bechet, 
Sow.; deg. curvicornum, Schloenb. ; deg. pettos, Quenst. ; deg. heterogenes, Young. 

All the forms of this section are from the Henleyi zone of the Middle Lias. 

This genus begins in the Muschelkalk zone of <Arcestes Studeri with Aeg. incultum, 
Beyr., deg. Palmai, Mojs., and became extinct in the Middle Lias. 


Genus Arietites, Waag.—Shell discoidal, with a wide umbilicus ; the sides of the 
whorls covered with straight simple ribs, which often have tubercles developed on them 


ZY Tra Nw S 
Z q'} 
S Hh Qo 
AH Hs 


Fie. 151.—Arietites rotiformis, Fic. 152.—Arietites obtusus, Fre. 153.— Arietites Fie. 154.—Section of Arietites 
Sow. Sow. Side. obtusus, Sow. Front. obtusus, Sow. 
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near the ventral angle, as seen in Arietites rotiformis (fig. 151) and especially in Pl. IX. 
In all the species the keel is large and prominent, and accompanied by two lateral 
channels (fig. 153). The mouth-border is simple, scooped away on the sides, with a long, 
projecting, ventral process. ‘The body-chamber is from one to one whorl and a quarter 
in length. 

The lobes are very characteristic (Arietites bisulcatus, Brug., Pl. I, fig. 3). The 
siphonal lobe is nearly as deep as it is broad, and the union of its wall with the siphuncle 
is nearly in the middle of its depth. The principal lateral lobe does not reach to half its 
depth, and is sometimes as broad as it is deep. ‘The lateral saddle rises above all the others, 
and stands upon the ground of the principal lateral lobe ; in general double the height of 
the outer saddle. ‘The lower lateral lobe is likewise much broader than deep, and the 
columellar saddle is so small that it does not reach to half the height or breadth of the 
lateral saddle, and ends in two branches. 

The Anaptychus is thin, horny, and undivided ; in some species is bell-shaped. I 
have found it so in Arietites semicostatus, Young and Bird; also in Ariet. stellaris, Sow. 
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_ The genus Arietites, as long ago remarked by Leopold von Buch, is very character- 
istic of the Lower Lias, in which we find the following species : 


Arietites Bucklandi, Sow. PI. f. Arietites rotiformis, Sow. Pl. V. 
—  Bonnardii, d@’Oré. Pl. XI. —  Sauzeanus, d@’Ord. Pl. VIII. 
—_— Crossii, Wright. Pl. X. —  stellaris, Sow. Pl. XXII. 
= obtusus, Sow. Pl. XXI. — Scipionianus, d’Ord. Pl. XIII. 
—  semicostatus, Simp. Pl. I. —  Conybeari, Sow. Pl. II. 
—  bisuleatus, Brug. Pl. ILI. —  Brooki, Sow. Pl. VI. 
— raricostatus, Ze¢. Pl. VII. — Turner, Sow. Pl. XII. 


Genus Harpoceras, Waag.—The external outline of the 
shell is of various forms, the ventral area always keeled with a 
round or angular border; the sides of the whorls ornamented 
with elegant falciform ribs of various degrees of thickness. 
Mouth-border sickle-shaped, with lateral auricles, and a long, 
pointed, ventral process (fig. 155). Body-chamber from one 
half to two thirds of a whorl in length. Suture-line moderately 
ramified. Siphonal lobe short and bifurcate, with divergent 
branches, and always shorter than the principal lateral lobe, 


which is largely ramified. The second lateral lobe much smaller "& 159-—Harpoceras senpents- 
num, Reinecke, 


than the principal, and passing inwards into several auxiliaries. 
The Aptychus bivalved, thin, and calcareous, with a shelly covering and _ several 
longitudinal folds, as seen in Harp. Levisoni, Simp. 


Harpoceras first appears in the Middle Lias, in the zone of deg. Jamesoni ; it 
attains its highest development in the Upper Lias, and is found in the Lower and 
Middle Jurassic rocks, disappearing in the Upper Kimmeridgian with Harp. Zio, Opp., 
collected from the zone of Pterocera Oceani, at Mahringen, near Ulm, Wiirttemberg. 
The distribution is as follows : 


Mippuet Litas. 


Harpoceras, sp. Harpoceras impendens, Young and Bird. 
— Normanianum, d’Ord. — arietiforme, Opp. 


Uprer Litas. 


Harpoceras serpentinum, Rein. Harpoceras insigne, Schiibl. 
— Levisoni, Simp. -— opalinum, Rein. 
— bifrons, Briig. — radians, Rein. 
— falciferum, Sow. — striatulum, Sow. 
— Lythense, Young. — Aalense, Ziet. 
—_ ovatum, Young. — Thouarsense, d’ Ord. 
—_ variabile, d’ Ord. — primordiale, Sehloth. 
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Inreriorn Oourre. 


Harpoceras Murchisonee, Sow. Harpoceras Sowerbyii, Mill. 
— Tessonianum, d’ Ord. — Edwardianum, d’ Ord. 


Genus Oprruia, Waay.—Shell discoidal and highly involute; umbilicus very 
small; whorls much elevated. Ventral edge either more or less acute, or rounded, ‘on 
different portions of its extent. Sculpture slightly falciform, with a double set 
of ribs on the sides. Body-chamber sometimes ribbed, neither keeled nor angular; 
from one half to two thirds of a whorl in length. Mouth-border falciform, sometimes 
with auricles, always having round external lappets. Siphuncle large, with a calcareous 
sheath. Aptychus tnick, calcareous, bivalved, and folded. Adductor muscles situated near 
the border of the shell in the lower half of the whorl. Suture-line extremely ramified. 
Siphonal lobe-mostly shorter than the principal lateral, which is large and much branched. 
The second lateral is in like manner well developed, and there are several large auxiliaries 
between the second lateral and the umbilicus. Lobe-bodies small, with almost parallel 
borders; lateral lobes unequally branched. The genus Oppelia appears first in the 
Lower Oolite, zone of Cosmoceras Parkinsoni, as Oppelia subradiata, Sow.; and the last 
representative of the group, as far as our knowledge at present extends, is in the Upper 
Jura of Stamberg, where a considerable number of different forms are found. 

The English species of this genus are not numerous. Oppelia subradiata, Sow., from ~ 
the Inferior Oolite, is a good example. Dr. Waagen has figured a number of beautiful 
- forms of Oppelia, amounting to twelve species, from the Golden Oolite of Keera Hill, 
near Charee, Kutch, and other higher Oolitic Beds. ‘‘ Oppelia subcostaria, Opp., closely 
resembles the European Opp. subradiata, not only in form, but even by similar varieties, 
as in Europe, in the same stratum ”’ (Waagen). 


Genus Wartoceras, Zittel.—The forms included in this group have been separated 
from the genus Oppelia, as they present certain characters in common by which they 
differ from the typical lines of that genus ; they are all distinguished by a narrow umbilicus, 
a smooth surface, marked with fine lines of growth, like Hap. 
ooliticum, d’Orb., from the Inferior Oolite, with its thin undivided 
falciform sculpture passing round the shell. Sometimes there 
are a series of straight parallel ribs at intervals, as in Hapl. ligatum, 
fig. 156, between which a number of very fine, undivided, smaller, 
and thinner folds are placed. The ribs are not bifurcated in this 
genus, and there is neither a keel nor a channel in the siphonal 


ij area. The body-chamber is short and the structure of the 
Fic. 156.—Haploceras  Aptychus unknown. ‘lhe number of the lobes is variable. In 

ligatum, d’Orb. ne 6 Sues 
addition to the siphonal lobe and the principal and smaller laterals, 
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there are from two to four auxiliaries present. The ramifications of the principal laterals 
are not symmetrically divided ; and in the forms from the Neocomian strata the lobes have 
a more simple structure than in those found in the Upper Cretaceous. This genus has 
a very wide stratigraphical range from the Lower to the Uppermost stages of the Jurassic 
series, and likewise in the Neocomian and Upper Cretaceous formations. 


Genus Stepuanoceras, Waag.—The general form of the shell is very variable in this 
genus ; the ventral side is in general large and round, without keel, border, or channels. 
The sculpture is often highly ornamental. From the suture rises a short, stout rib, 
which often ends in a tubercle at the middle of the side. From the tubercle two or three 
smaller ribs arise, which pass over the ventral surface and unite with their fellows from 
the opposite side. Sometimes the tubercles are wanting, and a number of fine encircling 
ribs make up the entire sculpture. 

The mouth-border is often provided with broad lateral lappets, which are produced 
and inflected, as in Stephanoceras Brackenridgii (fig. 159), where they are very con- 
spicuous, and often well preserved. 


Fie. 157. Fie. 158. Fie. 159. Fie. 160. 
Stephanoceras Blagdeni, Sow. Stephanoceras Brackenridgii, showing labial prolongation. 


In Steph. Blagdeni (fig. 157), and Steph. Humphriesianum, the mouth is encircled by 
a thick band, from whence the strong ribs in these species is derived. The body-chamber 
is from one to one and a quarter whorls in length. The suture-line is much ramified. 
The siphonal and principal lateral lobes are nearly of equal length; the lower lateral is 
much smaller, and there are several branched auxiliaries. There is considerable diversity 
among the species. The genus Sfephanoceras appears to have a certain family relationship 
with the sub-group Jnvoluti of the genus Aegoceras of the Middle Lias. Many characteristic 
species appear for the first time in the Upper Lias, as Steph. annulatum, Sow. (fig. 161), 
and Steph. commune (fig. 162), with Steph. crassum, Steph. fibulatum, and Steph. Hollandrei, 
all from the same beds. The zone of Steph. Humphriesianum, Ynferior Oolite, is one great 
depository of the species both in France and England. We have the following list 
therefrom : 


oe) 
or 
a) 
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Fic. 161.—Stephancceras annulatum Sow. Fic. 162.—Stephanoceras commune, Sow. 
Stephanoceras Brackenridgii, Sow. Stephanoceras Deslongchampsii, d’ Ord. 
— Brocchi, Sow. _— Gervillii, Sow. 
— Brongniarti, Sow. — Humphriesianum, Sow. 
— coronatum, Brug. — Sauzei, d’ Ord. 
— Blagdeni, Sow. — linguiferum, d’ Ord. 


The group which Stephanoceras macrocephalum, Schioth., represents, appears to stand 
apart from the preceding forms, for all these shells are characterised by their globose 
figure, arising from the extreme involution of the shell, by the narrowness of the umbilicus, 
with its steeply-inclined walls, and remarkable lobe-line. The siphonal lobe is extremely 

long, and much broader, but not longer nor extending more downward than the principal ° 
| lateral ; the second lateral is smaller and reaches to the umbilical border. Such is the con- 
dition of the lobes in Stephan. modiolare, Llwyd. This group has very few species in the 
European rocks. They all occupy a very limited horizon, commencing with Stephan. 
macrocephalum im the Cornbrash of England, and from the same horizon in Germany. 
‘They are found likewise in the Kelloway Rock, and in the dark clay bed which lies above 
the Kelloway, and belongs to it, at the base of the Oxford clay. 

The Indian species are numerous and well preserved, twenty-three species having been 
figured and described from the Kachh Jura of Cutch, by Dr. W. Waagen.’ “Of these 
species those identical with European forms occupy also in Kachh, as in Europe, the true 
* Macrocephalus-beds.’ The other species, however, range from the uppermost beds of 
the Pachum-group up to the Kuntkote sandstone, 7.e. from the highest beds of the Bath- 
to the uppermost beds of the Oxford-group, each of them keeping in the meantime strictly 
to its own layer. 

“ Long since it was apparent that the group of the J/acrocephali was one of the most 
important among all the Jurassic Ammonites, not only because they characterised a well- 
defined horizon in the European Jurassic series, but also because very nearly allied forms 
had been found over the whole world ; and it was to a certain degree supposed that these 
also ought to signify about the same geological time, indicating for the beds in which they 


1 «Jurassic Cephalopoda ;’ “ Paleeontologia Indica,” p. 108, 1875. 
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were enclosed, a nearly Callovian age.” Dr. Waagen has found, however, that some of 
the Indian species range through the greater part of the Jurassic series, and “ even re- 
appear in the Upper Cretaceous beds.” 


Genus CosmocERas, Waag.—Shell flat, discoidal ; sides provided with ribs of various 
forms, which are all bent forward, and impart a highly ornamental character to the shell ; 
spines and tubercles are often developed therefrom. The ventral edge has some- 
times a smooth channel in the middle, which interrupts the course of the ribs across the 
siphonal area, as in Cosm. Parkinsoni, Sow., and Cosm. Garantianum, d’Orb. The body- 


Fic. 163.—Cosmoceras Duncani, Sow. Fie. 164.—Cosmoceras Jason, Reinecke. Fie, 165.—Cosmoceras radiatum, Bruguitre. 


chamber is about half the length of a whorl. ‘The mouth-border develops lateral 
auricles in youth, which disappear in old age. ‘The suture-line is very much ramified. 
The siphonal lobe often equals, but is sometimes shorter than the principal lateral, which 
is large and branched ; the second lateral is small, and there are several auxiliaries. ‘lhe 
Aptychus is the same as in Sfephanoceras. 

This genus appears first in the upper beds ,of the Inferior Oolite with Cosm. 
Parkinsoni, Sow., and Cosm. Garantianum, VOrb. In the Kelloway Rock and Oxford 
Clay are several other species, as Cosm. Calloviense, Sow., Cosm. Duncani, Sow. (fig. 163), 
Cosm. Kenigi, Sow., Cosm. Gowertanum, Sow., Cosm. Jason, Rein. (fig. 164), Cosm. Julia, 
d’Orb.; in the Chalk by Cosm. verrucosum, VOrb., Cosm. radiatum, Brug. (fig. 165). 


Genus AncyLocrras, d@’ Orbig.—Shell spiral, rolled on the same plane, with few 
whorls, all of which are disjointed and separate from each other ; the last projected out- 
wards in a horizontal line, and then turned upwards and inwards, forming an arch 
opposed to the turns of the spire. ‘The recurved portion without septa is the body- 
chamber. The mouth-border is simple, round, and thickened by a shelly eversion. 
The septa are transverse and symmetrical, divided into six lobes, which are very unequal 
im size, and formed of very ramified, elongated digitations. 

This genus first appeared. in the Jurassic seas; in the upper beds of the Inferior 
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Oolite of France and England we find Axcyloceras annulatum, VOrb.; in Germany 
Ancyl. baculatum, Quenst.; and in the Kelloway Rock of England we have a third species, 
Ancyl. Calloviense, Morr. It is in the Cretaceous rocks where this genus attains its chief 


Fic. 166.—Ancyloceras Matheronianum, d’Orb. 


development. Axncyloceras Matheronianum, W Orb. (fig. 166), is from the Upper Neocomian, 
and Ancyloceras Puzosianum, d’Orb. (fig. 167), is from the Lower Neocomian. 


Fic. 167.—Ancyloceras Puzosianum, d’Orb. 


Genus Bacuurna, d’ Orbigny.—Shell straight, with a surface destitute of ornamenta- 
tion. Baculina resembles Baculites except in the lateral lobes being single-pointed. 


Genus Parispuincres, Waag.—Shell in general discoidal, with a wide umbilicus and 
a round ventral edge. The sculpture consists of straight or oblique ribs, inclined forward, 


at 
A 


Fie. 168.—Perisphinetes Martinsii, d’Orb. 


in general polytomate (much divided), and without tubercles. Mouth-border simple or 
with auricles ; a circular contraction visible on the shell near the outlet at certain stages of 
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growth. Body-chamber from two thirds to an entire whorl. Lobes similar to those in 
Stephanoceras, differing, however, in being more ramified, and having pendant columellar 
lobes. Aptychus bivalved, calcareous, very thin, and externally granular. Perisphinctes 
Martins, dV’ Orb. (fig. 168), from the Inferior Oolite of France and England, is geologically 
the oldest of this group, which is largely developed in the Middle and Upper Jurassic 
strata of Hurope; a few species are found in the Chalk. 

The genus Perisphinctes is represented in the Kachh Jura (Kutch)! by more than 
fifty species, which can be distributed, according to Dr. W. Waagen, into six large 
sections, most of which comprise several groups embedded in strata which find their 
equivalents in the Middle and Upper Jurassic rocks of Europe among the Kelloway, 
Oxford, Corallian, Kimmeridgian, and Portlandian stages. 


Genus OLcosterHANus, Vewm.—This genus was erected to receive a certain number 
of species that were formerly grouped with the preceding, but which are now separated 
from Perisphinctes. The type of this group is Olcos. Cautleyii, Opp., from the Indian 
Jura. Olcostephanus, in contrast with Perisphinctes, has a shorter body-chamber, two 
thirds of a whorl in length. Mouth-border in some has a simple smooth band, and in 
others lateral auricles are developed. The ribs project broadly from the border of the 
umbilicus, and separate on the sides into many smaller branches. 


Genus Scapuites, Park.—Shell spiral, rolled on the same plane. Whaorls at first 
contiguous and united, then oe from the others and projected outwards in nearly 
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Fie. 169.—Scaphites Ivanii, Puzos. 


a straight line, afterwards turned upwards, bent round, and curved inwards, forming a 
kind of horse-shoe shape. ‘The septa transverse, symmetrically and regularly divided into 
more than six very unequal-sized lobes, invariably composed of short bilateral ramifications ; 
the saddles formed of bladder-like cells. The siphonal lobe is as long as the principal 
lateral. The form of the inner whorls of Seaphites corresponds with those of Olcostephanus. 
Mouth-border round or oval, provided with large protuberant bands more or less 
prominent. All the species are found in the Cretaceous rocks. Scaphites gigas, Sow. 


1 ¢Paleeontologia Indica ;’ “ Jurassic Fauna of Kuteb,”’ p. 143, 1875. 
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(fig. 170). I have collected magnificent examples of this grand form, occuring in 
nodules, from eighteen inches to two feet long, in the Lower Greensand at Whales Chine, 


Fic. 170.—Scaphites gigas, Sowerby. 


near Black-Gang, Isle of Wight. Scaphites Ivanit, Puzos (fig. 169), is from the Lower 
Neocomian ; and Scaphites equalis, Sow., is found in the Lower Chalk at Lewes, Sussex, 
and Chardstock, Somerset. 


Genus Horiires, Vewm.— This genus is composed of a series of species formerly 
classed among Perisphinctes, but.now separated as a new genus, characterised by 
having the shell closely involute, with high whorls and a narrow umbilicus. Sculpture 
consists of numerous small undulating ribs, often polytomate (fig. 171), that is, arising, 
by a thickened stem or tubercle, from near the umbilical suture, and soon splitting up into 
‘smaller divisions ; sometimes the ribs encircle the siphonal area, or are interrupted here 
either by their vanishing away at the border of the area, or by a median channel, which 
breaks their continuity, or by a kind of crest formed by the abrupt termination 


Fie. 171. Fre. 172. 
Hoplites faleatus, Mantell. Hoplites Beaumontianus, d’Orb. 


of the lateral ribs, as in Hopl. splendens, Sow.; or the lateral ribs may be folded and 
angular, as in Hopl. falcatus, Mant., or large and powerful, as in Hopl. interruptus, 
Brug. ‘There is a considerable variety in the style of the rib-sculpture and the form it 
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assumes in this genus. The mouth-border and the length of the body-chamber is at 
present unknown. 

The lobe-line is much ramified in Hoplites interruptus, Brig. The siphonal lobe 
and two principal laterals are about the same length, with numerous branches having a 
symmetrical arrangement; the second lateral is much smaller, and there are several 
auxiliaries. In general the lobe-bodies are slender, the saddles broader than the lobes, 
the principal lateral is often longer than the siphonal, the second lateral very short, 
and there are several horizontal or oblique auxiliaries. 

This genus is very characteristic of the Cretaceous period, and its highly ornamented 
shells form conspicuous groups in the different stages of the Chalk age. 


Genus Acantuocrras, Neuwm.—This new group has been proposed to receive several 
remarkable Ammonites which were included in the genus //oplites, a more extended study 
of them having induced Prof. Neumayr to separate these into a distinct genus, of which 
the following is a diagnosis :—The shell is wider and more massive; the umbilicus more 
open; the whorls moderately high; mouth-border and body-chamber both unknown. 
The sculpture consists of strong straight ribs, which proceed from the suture-line along 
the sides, or strong constantly increasing ribs, with a number of tubercles, which adorn 
the sides and border. The siphonal area presents many differences ; sometimes the 
median line is channelled, with rows of tubercles on the border, so that the ribs are 


Fie. 173. Fie. 174. 
Acanthoc. laticlavium, Sharpe. Acanthoc. Brottianum, a Orb. 


interrupted from crossing; in other species the channel is wanting and the ribs pass 
across. Sometimes the tubercles arrange themselves in a series of rows, or pass along 
the median line and form a kind of knotted keel. The lobe-line presents considerable 
variety in these highly ornamented shells. The siphonal and principal lateral lobes are 
about the same size, sometimes the former is much larger than the latter ; and the second 
lateral is much smaller than the first, and both terminate in single points; there are 
several small deep standing auxiliaries. 


All the species are Cretaceous, and the following are typical forms : 
34 
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Acanthoceras Brottianum, d’ Ord. Acanthoceras Mantelli, Sow. 
— Deverianum, d’ Ord. — Rhotomagense, Brong. 
— mammillare, Schl. — Sussexiense, Sharp. 
— Martinii, d’ Ord. — Woolgarei, Mant. 


All these species have been separated from Hop/ites, and some of them have appeared 
under that generic name in the earlier part of this Monograph. ‘They are, however, now 
placed as indicated by Neumayr in his latest work on this subject. 


Fig. 175. Fie. 176. 
Acanth. Deverianum, @ Orb. Acanth. Martinii, d’Orb. 


Genus StoiiczKaia, Veum., has been erected to receive a small group of remarkable 
Ammonites figured and described by Dr. Ferd. Stoliczka’ in his great work on the 
Ammonitide from the Chalk of Southern India, some of which were compared 
with Arcestes from Hallstatt. Svoliczhaia Telinga, Stol., in its external form, certainly 
resembles some of the gigantic Arcestes from the Alpine Triassic strata of Hallstatt in the 
form and smoothness of the shell, and in the constriction of the mouth-border ; but in the 
shortness of the body-chamber, and the structure of the suture-line, it has not the 
most remote resemblance to the Triassic forms from the Austrian Alps, with their very 
characteristic suture-line, and their long body-chamber of one whor! and a half in length. 

The shell is massive, highly involuted, sometimes discoidal, and then with a wider 
umbilicus. Body-chamber about three fourths of a whorl in length. Mouth-border undu- 
lated, produced in the middle of the lateral wall, and slightly excised towards the siphonal 
or ventral area. The inner whorls provided with radu, which are not interrupted on the 
ventral area; the ribs attain here their greatest development ; the body-chamber has a 
smooth shell ; in some species it has thickened ribs ; the ventral side has neither a keel nor 
channels. ‘The lobe-line is much ramified, consisting of a siphonal lobe and a principal 
and lower lateral on each side, with a more or less developed columellar lobe having 
pendant digitations. 

I refer the reader to Dr. Ferd. Stoliczka’s magnificent volume on the Ammonitide 
from the Cretaceous formations of Southern India for remarkable types of this genus, 


such as : 
1 ¢ Paleeontologia Indica,’ “ Ammontidee of the Cretaceous Formation.” 
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Stoliczkaia argonautiformis, Stol. Stoliczkaia Telinga, Stol. 
— crotaloides, Stol. — Rudra, Séol. 
— dispar, @’Ord. — Xetra, Stol. 


Genus Crioceras, Léveillé.—Shell discoidal, rolled on the same plane, whorls round, 
spire regular, in all ages composed of turns of the cone disjoined and entirely separate. 
Mouth round, oval, or compressed, formed by a slight thickening of the inner lamina of 
the shell. Body-chamber about two thirds the length of a whorl. 

The sculpture consists of small encircling ribs, among which larger ribs or rows of 
tubercles are introduced at intervals ; as seen in Crioceras Himerici (fig. 177) the tubercles 
are usually two smaller on the sides, and two larger and more thorn-like arising from the 
border of the siphonal area: the disjunction of the whorls extends up to first-formed coil. 
The lobe-line is highly ramified and consists of a large siphonal lobe, with long symme- 
trical branches, a principal lateral on each side with long, wide, spreading digitations, 
which are nearly but not quite symmetrical, a lower lateral on each side, much smaller 
than the principal, and a columellar lobe which is well developed. Such is the structure of 
the lobes in Crioceras Duvalii, Léveillé. The large Crioceras shells are found chiefly in the 
Neocomian strata. I havecollected Crioceras Bowerbankit, Sow., from the lower Green- 
sand of Walpen and Ladder Chines, in the Atherfield section, Isle of Wight, many of 
which were nearly two feet in diameter ; some forms are found in the Gault of France, and 
the Speeton Clay of Yorkshire. This genus is limited to the Lower Cretaceous rocks, 


AM 
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Fig. 177.—Crioceras Emerici, Léveillé. Fic. 178.—Heteroceras Emerici, d’ Orb. 


Genus Herrroceras, d@’ Orbig.—Shell spiral, turreted ; whorls in youth contiguous and 
joined together; in age the last whorl separates itself from the others, and becomes (fig. 178) 
produced and recurved, forming an arch without septa, which was doubtless the body- 
chamber. /eteroceras is therefore a Turrilite with the body-chamber in age detached, 
nroduced, and recurved. The most typical example is Meteroceras Emerici, d’Orb. 


(fig. 178). 
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Genus Toxocrras, d’ Orb.—Shell conical, subcylindrical, or compressed, symmetrical, 
elongated, more or less arched, but never forming a spiral. Sides of the shell ornamented 
with encircling ribs; in some forms stronger ribs are developed at intervals. Or the 
sculpture consists of two rows of tubercles which grow upon each side of the large ribs, and 
two rows of larger tubercles on the borders of the siphonal area, as shown in Zowoceras 
Honnoratianum (fig. 179). The mouth is round, oval, or compressed, with a prominent 
internal border, and the large ribs on the sides and ventral surfaces represent the different 
stages of growth of this bent cone. The lobe-line is very much ramified; the siphonal 
lobe symmetrical, the stem short, and the bifurcate branches long ; the superior lateral 
very large and composed of nearly symmetrical branches ; the lower lateral is small, the 
columellar lobe has considerable dimensions, and is nearly symmetrical in its structure. 
The affinities of this genus, regarding the structure of its lobes, is with the preceding genus 
Crioceras ; and, like it, it is found in the lower stages of the Cretaceous rocks ; all the 
larger specimens are obtained from the lower and upper Neocomian strata. 


A ri 
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Fie. 179.—Toxoceras Honnoratianum, d’Orb. Fig. 180.— Aspidoceras longispinum, Sow. 


Genus Aseipocuras, Zittel—The form of the shell in this genus is very variable. 
Sometimes it is flat and discoidal with a wide umbilicus, or large, inflated, and 
highly involute. The siphonal or ventral area is rounded or flattened, the sides are 
adorned with fine ribs, and the sculpture consists of two rows of tubercles developed at 
intervals among the finer folds of the shell in its early age, which seem to disappear 
or are undeveloped in later years. The lobe-line ramifications are simple in Aspid. 
perarmatum, Sow. The siphonal lobe is large with symmetrical branches, the principal 
lateral is large and composed of numerous unequal parts, and the lower lateral is much 
smaller. The body of the lobes and saddles is broad, and the lobes are much slit up 
into branches. Aspid. longispinum, Sow. (fig. 180), from the Oxfordian of Weymouth, 
has a thick, discoidal, smooth shell, with two concentric rows of short spines growing upon 
the sides of the whorls, which are few and more than one half involute. This forms a 
very good type of the group. The large section of the Perarmati, with a double row of 
tubercles on the sides of the whorls, appears to want auxiliary lobes. In the group 
which has Aspid. Altenense, d’Orb., from the Corallian, for its type, one row of tubercles 


MODERN CLASSIFICATION. 261 


grows near the umbilicus, and the sides and ventral area are encircled by small fine 
undivided lines of growth. 


Genus Peutoceras, Waag.—Shell flat, discoidal, with a very large umbilicus ; whorls 
with strong straight ribs, which are mostly provided with two or three rows of spines in 
adult specimens ; siphonal side more or less flattened, or even excavated, the ribs passing 
over it or disappearing before they reach it. Inner whorls with strong, sharp, mostly 
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Fie. 181.—Peltoceras athieta, Phillips. 


dichotomate ribs, sometimes undivided, outer whorls with strong, blunt, bi-tuberculous ribs, 
which pass over the siphonal area. The lobe-line highly ramified ; siphonal lobe large, 
with symmetrical divergent branches ; superior lateral widely separated from the siphonal, 
and forming a broad external saddle ; lower lateral small and imperfectly developed, or even 
wanting ; sometimes the ribs are in part replaced by spines. ‘The amount of involution 
is small; the length of the body-chamber not known ; and the mouth-border has large 


lateral auricles developed from its sides. The range of the species is limited in this 
country to the Oxfordian strata. 


Peltoceras athleta, Pcl. Peltoceras Eugenii, Rasp. 
— Arduennense, d’ Ord. — annulare, Rein. 
— Constanti, d’ Ord. — Williamsoni, Phillips. 


Some interesting forms of this group, collected by the Indian Geological Survey, have 
been figured and described by Dr. Waagen,’ who observes “that the general type of the 
shell is modified in different species in several directions, such as that the spines are 
entirely wanting, or the ribs nearly entirely replaced by corresponding spines; but the 
general type of the genus can, nevertheless, even in such forms, be easily recognised. 

“There is no doubt that, if we follow up the different developmental series of the genus 
to their root, we are carried to some form of Perisphinctes wherefrom the genus takes 


1 ¢Paleontologia Indica,’ pp. 75—89, and Pls, XV—XVII. 


262 THE LIAS AMMONITES. 


its origin; but to indicate the species which forms the connecting link between the two 
genera is absolutely impossible. The near affinity between Peltoceras and Perisphinctes 
is not only shown by the general appearance of the young specimens of species of the 
former genus, but also by the occurrence of the fait contractions of the shell in one or 
other of the Pe/tocerata. There are, however, yet other genera which take their rise from 
Perisphinctes, as Aspidoceras and Simoceras, and which are very nearly allied to our 
genus ; in fact, so much so that I formerly thought it necessary to unite a part of the 
forms generally comprised under the name of Aspidoceras, the group of Asp. perarmatum 
and allied species, with Pe/foceras. Thus there can be no doubt from the characters 
exhibited by the younger stages of growth of species of both genera, Aspidoceras and 
Peltoceras, that the one originates from the group of Perisphinctes Martinsit, d’Orb., to 
which the larger number of Middle Jurassic Perisphinctes belong; the other, on the 
contrary, takes its origin from a group of Perisphinctes as yet apparently entirely unknown 
in the European or any other Jurassic strata, and perfectly distinct from the Perisph. 
Martinsii or Convolutus group.” Dr. Waagen subdivides the genus into three sections :— 
a. Group of Peltoceras annulare, Rein. 6. Group of Peltocerus Kugenii, Raspail. 
c. Group of Peltoceras athleta, Phill. Of the five species comprised in the three sections 
no less than two, Peltoceras Arduennense, VOrb., and Peltoc. athleta, Phill., are identical 
with the old Huropean type-forms of these well-known species in our Oxfordian strata. 


Group Stmocrras, Zitt—Shell flat, discoidal, with a wide umbilicus; ventral side 
rounded or channelled. Sculpture seldom absent, and consisting for the most part of 
straight, simple, or divergent ribs, which, in general, during the entire life of the species, 
or, at any rate, in youth, are unbroken on the ventral side, and abundantly provided with 
tubercles. They have the last whorl much swollen out; separate from the forward 
directed contractions observed on all the inner whorls. Body-chamber three-fourths of 
a whorl in length. Mouth-border in the geologically youngest forms has upward 
bent external auricles; in the older forms it is not known. Lobe-line not very 
complex ; siphonal lobe the largest; external saddle very much developed and broad. 
Lateral lobe single-pointed and very small. ‘This genus is found only in the upper 
division of the Jurassic rocks, commencing with the upper part of the Middle Jura and 
extending into the Lower Tithonian or Uppermost Jura. The following are the type 


forms : 


Simoceras anceps, Rein. Simoceras Fraasi, Opp. 
—  arthriticum, Sow. —  Greppini, Opp. 
—  admirandum, Zit¢. —  Jooriense, Waag. 
—  biruncinatum, Quenst. —  lytogyrum, Zéé. 
— Catrianum, Ziété. —  Rehmanni, Opp. 
— _ contortum, Newm. —  suleatum, Hehl. 
—  explanatum, Newmn. —  Venetianum, Zzé¢. 
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DESCRIPTIVE PART. 
DESCRIPTION OF THE GENERA AND SPECIES OF AMMONITES. 


Berorg commencing a description of the genera and species of Ammonites figured 
in the plates of this work I desire to express a few thoughts by way of introduction to 
the study of species. First, with regard to the method I intend to pursue in the 
execution of this rather arduous duty, it is my intention to adopt the same lines I 
laid down and steadily followed in the description of the Jurassic and Cretaceous Echino- 
dermata already published in the volumes of the Palzeontographical Society. 

In the systematic part of this work I have shown the student the importance of a 
more accurate and exhaustive study of the Ammonite shell than has hitherto been 
accorded to it by the majority of ordinary observers, and have proved how necessary a 
correct knowledge of all its essential features is in order to understand thoroughly the 
affinities of a species. I intend, therefore, to give a very full account of the characters 
of the different genera as they come in succession before us in the sequel. 

The description of an old species necessarily implies a careful scrutiny of the 
synonyms by which it has been known and noted by former observers. This section of 
my work requires very careful study and much research, and should I succeed in clearing 
away some of the difficulties which surround the synonymy of the Ammonites I have so 
long studied, it will, I venture to hope, prove to be not labour in vain. The study of 
the Ammonite shell has shown us how very much many of these extinct Molluscs have 
changed their forms during the different phases of their lives, and how often species have 
been described and figured as new which afterwards were found to be only the transient 
conditions of some other well-known form. This is one of the errors that has greatly 
complicated the study of the synonymy of many species, and rendered the subject often 
so complex and difficult that we can scarcely hope to avoid errors in our attempts to 
unravel the true form of a doubtful species. It has only been by collecting specimens 
for the last thirty years which represent the young, middle-aged, and adult condition 
of as many species as I could obtain, that I have slowly learned how to solve some of 
the complex problems I have encountered, to my own satisfaction, and, I venture to hope, 
to that of the readers of this Monograph after my demonstrations shall have been made ; 
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so that we may be able to take an onward step towards a higher and better knowledge 
of the natural history of these wonderful extinct polythalamous Cephalopods. 

Morphology has taught us that all animals pass through certain changes of form 
and structure between their escape from the ovum and the period they attain their adult 
condition, and that the nature and extent of these changes differ in different classes, 
families, and genera of the animal kingdom. 

In the Acalephe a most remarkable metamorphosis is observed in the J/edusida, 
which was first described by M. Sars,’ a Norwegian naturalist, and afterwards studied in 
1846 by the late Professor John Reid and myself on specimens taken in St. Andrew’s Bay, 
N.B., which showed the marvellous changes Aurelia aurita passes through in the course of 
its evolution. The egg produces an ovoid embryo, which is covered with a ciliated epithe- 
lium and swims freely about for a time like an Infusorian. After some days it fixes 
itself by a disk, and at the upper side of the small body a depression is seen with 
four corners, which gradually become elongated, and by degrees are transformed into 
tentacles. These rapidly multiply until the whole of the upper margin is covered 
with them, then transverse constrictions at regular distances apart are seen on the body 
stem, first appearing above, and afterwards extending downwards towards the disk. 
These constrictions grow deeper and deeper, and at the same time the edge of each 
segment begins to be serrated, so that the animal presents the appearance of a pine-cone 
surmounted by a tuft of tentacles. The separation goes on constantly, until at last the 
divisions are united only by a very slender axis, the whole resembling a pile of saucers 
placed one within another at a certain distance apart. The divisions are now ready for 
-separation ; the upper ring first disengages itself, and then the others follow in succes- 
sion. Each separate segment now continues its morphology alone, and afterwards 
becomes a complete Medusa; whilst the original body-stem remains, and, it is said, 
produces a new colony. On this subject consult also Sir J. G. Dalyell’s Memoirs. 

The morphology of the Hchinodermata, in the Ophiuroidea, Asteroidea, and Lchi- 
noidea, has been so carefully observed by Sars, Agassiz, Professor J. Miller, Krohn, 
and others, that we are now well acquainted with the successive forms these Radiates 
pass through before they attain their adult state, changes,—in fact, so numerous and 
remarkable that it was only after the most ample verification by different independent 
observers that the conclusions first published by the late Professor J. Miller were 
admitted as real biological facts. 

The morphology of the <Arthropoda, comprising the classes Insecta, Myriopoda, 
Arachnida, and Crustacea, affords abundant illustrations of the great law of change. In 
the Crustacea, the lower forms of Hntomostraca, found in every freshwater pool, are 
interesting and instructive examples as microscopic objects, and dpus, Daphnia, Cyclops, 
and Chirocephalus, may be mentioned as convenient subjects for study. The eggs of 
Crabs and Lobsters among marine forms, and Astacus fluviatilis from freshwater 
streams, afford good objects for watching the morphology of the J/alacostraca. 


1 Sars, ‘ Isis,’ 1833, p. 224, taf. x, fig. 4; and ‘ Beskrivelser og Jagtag,’ &c., p. 16, pl. iii, 


PALHONTOGRAPHICAL SOCIETY. 


INSTITUTED MDCCCXLVII. 


VOLUME FOR 1881. 


LONDON: 
MDCCCIXXXI. . 


PLATE XIX. 


Zone of Aegoceras planorbis. 


. AgcocreRAs BELCHERI, Simpson. Side view, natural size. From the cabinet of 


the Rev. T. Wiltshire, F.G.S. 
— — — Siphonal area of the same, smooth. 
— rorus, @’ Ord.= Jounstoni, Sow. Natural size. Prof. Deslong- 
champ’s collection. 
= = an Siphonal area of same, smooth. 
— caTENATUM, Sowerby. Side view, natural size. My collection. 
— — — Siphonal area, showing the ribbing. 
— — — Lobe-line, showing lobes and saddles magni- 


fied. 


. ARiETITES scrPionraNus, d’Ord. Lateral view, natural size. My collection. 


= —. — Siphonal area showing deep keel. 
a — —_ Lobe-line with lobes and saddles magnified. 


aan PLATE XIX: 


Fig. 1. Argocnras Cuarmasssgt, @’ Orbigny. 
gny 
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PLATE XX. 


Zone of Aegoceras angulatum. 


Side view, natural size: together with a 
very accurate tracing of the compli- 
cated lobe-line, showing the lobes and 
saddles iu sit on the side of this 
Ammonite. My collection from Lyme 
Regis. 

Front view, showing sulcus on _ the 
siphonal area and rib tubercles there. 

Back view of the same fossil. 


A Gawan lith. Hanhart ump | 


PLATE XXI. 


Zone of Arietites obtusus. 


Fig. 1. ArreTrtEs optusus, Sowerby. Side view, natural size. My collection. 
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A. — — 
5. — — 


All the specimens figured 


— Front view, natural size. Do. do. 

— Another larger specimen, natural size. My 
collection. 

Side view, showing the extent of involution. 

oo Lobe-lines, showing the lobes and saddles. 


in this plate have a portion of the external lamina of the 


shell preserved, the surface is sculptured with longitudinal and transverse lines, which 
are finely punctated at their intersections. This kind of sculpture is rare, and found 
only, as far as [ know, in Arietites optusus, Sow., AR. STELLARIS, Sow., and AEGOCERAS 


PLANICOSTA, Sow. 


$$ 


Hanhart imp. 


PLATE XXII. 
Zone of Arietites obtusus. 


Fig. 1. Arietites steLiaris, Sowerby. Side view, natural size. British Museum. 
OE — — — Siphonal area, with keel, channels, and shell 
structure. 
Another specimen, showing lobe-lines zz sitd. 
Front view of same fossil. 
5 = — Siphonal area of same fossil. 
6. — — — Lobe-lines, lobes, and saddles magnified. 
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The fossil shells figured im this plate all belong to the Sowerbian type collection in 
the British Museum. The smaller specimens (figs. 3, 4, 5, and 6) were those figured in 
the ‘ Mineral Conchology,’ and are specially marked with Sowerby’s green ticket. 
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Fig. 1. ARIETITES IMPENDENS, Young & Bird. Side view, natural size. Woodwardian 
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PLATE XXIIa. 


Zone of Amaltheus oaynotus. 


Cotuenorril, d’ Orbigny. 


Museum, Cambridge. 
Front view of the same shell. 
Siphonal area of do. do. 
Young shell with sharp ribs and 
sulci. 
The lobe-line magnified. 
Side view, natural size. Woodwardian 
Museum, Cambridge. 
Front view of same shell. 
Siphonal area of do. do. 
The lobe-line, highly magnified. 
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PLATE XXII. 
Zone of Amaltheus oxynotus. 


Fig. 1. Arrerrres Cotienorti, d’Orbigny. Side view, natural size. Woodwardian 
Museum, Cambridge. The lateral lobes 
with their numerous digitations, and 
the saddles with their lobules, are well 
shown zz siéi in this specimen, the 
largest that has been found. 


2. — — — Front view of same shell showing the 
sagittate aperture. 
3. — — — Siphonal area, natural size, showing the 


form of the siphonal lobes filling in the 
sulci. 
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PLATE XXIII. 
Zone of the Arietites Buckland, superior. 


Fig. 1. Azeoceras Birent, Sowerby. Side view, natural size. 
2. — — —- Siphonal area, showing the fine polytome ribs 
crossing this area. 


In this magnificent specimen in my coliection the shell is well preserved throughout, 
so that the sharpness of the tubercles and the delicacy of the sculpture on the ventral 
area are well displayed. 


PLATE XXIll 


Hanhart imp. 


awen lith. 


PLATE XXIV. 
Zone of the Arietites Buckland, superior. 


Fig. 1. Ancocrras pLanicosta, Sow. Specimen with ribs and tubercles. 
2 — — _— Smaller shell, showing their growth. 
3. — — —  Siphonal area of a small typical shell. 
4. — — — Do. do. showing growth of spines. 
5 — — — This specimen shows that in middle age the 
spines and ribs become relatively less. 


6. a —_ — Another shell showing curved spines. 
ile = — — Do. do. excessive growth of do. 
8. — —- — Abnormal growth of ribs and tubercles. 


The three last fossils appear to represent the dm. ziphius, Ziet. All the specimens 
are in my collection, and were collected as types out of a considerable number of fossils 
of the same species at Lyme Regis some years ago, and all are now drawn for the first 
time. ! 


PLATE XXIV 


Hanhart imp, 


lary Suft lith. 


PLATE XXV. 
Zone of Arietites Buckland, superior. 


Fig. 1. Azeocrras pLanicosta, Sowerby. Natural size. This specimen represents a 
large Am. Dupressiuri, d’ Orbigny, which 
is in reality the adult form of AzGocrRas 
PLANIcostTa, Sow. This magnificent speci- 
men belongs to the Royal School of Mines, 
and was collected at Lyme Regis. 


2. ~—— — oo A portion of the outer lamina of the shell, 

; showing lines and perforations highly 
magnified. 

3. — =e — . Showing parallel lines formed by a fine 


punctated surface. 
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PLATE XXVI. 
Zone af Arietites raricostatus. 


. AEGOCERAS BIFERUM, Quenstedt. 


| 
| 
| 


Side view, natural size. My collection. 
Front view, magnified twice. 
Siphonal area do. 


Side view, showing wing-like ribs, magnified. 
Small shell, natural size. My collection. 
Siphonal view, magnified twice. 

Front do. do. 

Side view, natural size. My collection. 

Front and siphonal views of do. 

Side view, natural size. My collection. 


Do. do. showing the distance | 
of the septa from each other. My 
collection. 


Front view of same shell. 
Siphonal area of do. 
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PLATE XXVII. 
Zone of Aegoceras armatum. 


Fig. 1. AgGocERAS suBMUTICUM, Oppel. Lateral view, natural size, showing the 
regularity of the ribs and smallness of 
the tubercles ; likewise the small amount 
of the involution of the last whorl. My 
collection. 

= — — Front view of the siphonal area, showing 
the tubercles in profile, the squareness 
of the siphonal area, and the numerous 
small ridges that cross the area between 
the larger folds. 
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PLATE XXVII 


Hanhart imp 


A. Gawan lth. 


PLATE XXVIII. 
Zone of Aegoceras armatum. 


Fig. 1. Ancoceras armatum, Sowerby. Side view, natural size. A very fine type 
specimen. Leckenby collection. Wood- 
wardian Museum, Cambridge. 


2 = — _ Front view, showing the ribs and spines in 
profile. 

3) — — — Smaller specimen in same collection. 

A. = — — Siphonal area, showing spines of the left side 
absent. 

5. pat i = Another specimen, showing spines of the left 
side truncated. My collection. 

6. —_ a — A very accurate tracing from another specimen 


of the highly complicated lobe-line, showing 
the large size of the siphonal and principal 
lateral lobes. My collection. 
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PLATE XXIX. 
Zone of Aegoceras armatum. 


“ANGOCERAS ARMATUM, Sowerby y. An aged specimen, natural size, showing the large 
dimensions of the spines on the body-chamber and 


the comparative smallness of the spines on the inner 
whorls. This specimen was obtained at Lyme 
Regis thirty years ago, and was long the adorn- 
ment of a private collection. It now belongs to 
the Museum of the Royal School of Mines, and I 
have the pleasure of having it figured for the first 
time. 


Hanhart imp. 


AGawan lth. 
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PLATE XXX. 
Zone of Aegoceras armatum. 


Fig. 1. Ancoceras Luckunnyi, Wright. Lateral view, natural size. Leckenby collec- 
tion, now in the Woodwardian Museum, 
Cambridge. 


200 — — — Siphonal area, showing the mnbbing and 
the smallness of the tubercles. 

3. —- _ Front view of the same shell. 

A. — - _ Another example in the same collection. 

5. — —- — Front view, showing the lobes. 

6, — — — Siphonal area, showing the ribbing and 


convexity of this area. 

{e = = —. Accurate tracing of a portion of the lobe- 
line, showing the narrowness of the siphonal 
lobe and the magnitude and complication of 
the principal lateral lobes. 
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PLATE XXXI. 


Zone of Aegoceras Henleyi. 


. Agcoceras Davart, Sowerby. Lateral view, natural size. | Woodwardian 


Museum, Cambridge. Leckenby collection. 
— — Siphonal area, natural size, of the same shell. 
curvicornuM, Schloenbach. Siphonal area, natural size. My 
collection. 
— — Lateral view, natural size, same shell. 


Zone of Aegoceras Jamesont. 


TayLori, Sowerby. Lateral view, natural size. Lyme Regis. In 
| my collection. 
a — Siphonal area, showing the double row of 
tubercles on this area. 
oa — . Front view of the same shell. 
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PLATE XXXII. 


Zone of Aegoceras Henleyt. 


Fig, 1. Ancocrras LarEcosta, Sowerby. Lateral view, natural size, from the original 


BREVISPINA 


Bircutil 


type specimen in the Sowerbian collec- 
tion. British museum. ‘This fossil is 
the middle-aged condition of Aegoceras 
FTenleyi before the transformation takes 
place (see Pl. XX XIII). 
Lateral view, natural size. Original type. 
Sowerbian collection, British Museum. 
Siphonal area of the same, showing the 
ventral row of short spines. 

Accurate tracing of the lobe-line. 

Small shell, showing details. My collec- 
tion. 

Front view, showing spines in profile. 

Accurate tracing of the lobe-line, showing 
the smallness of the siphonal lobe and the 
magnitude of the principal lateral lobes. 

Young forms of this species. The series is 
intended to show, in connection with 
Pl. XXIII, that Aegoceras Birchii main- 
tained its original form and structure 
through the various phases of its life. 


Hanhart imp 
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PLATE XXXIII. 
Zone of Aegoceras Henleyi. 


Fig. 1. Ancocrras Hrniuyi, Sowerby. Lateral view of a perfect specimen, showing 
the change of form which took place in 
middle-age period of this remarkable 


species. 
2: — — — Front view of the same shell. 
3. — — — Siphonal area of the same shell. 


The outer whorl of this fossil is the true Ammonites Henleys, Sow., ‘ Min. Conchology,’ 
pl. clxxi, and the inner whorls here iz sééé in this rare specimen are clearly the 
Ammonites latecosta, Sow., ‘Min. Conchology,’ pl. dlvi, fig. 2. This specimen I 
obtained several years ago from the green Ammonite bed, near Charmouth, Dorsetshire | 
and since I have had three other less perfect specimens from the same stratum, all, how- 
ever, Show the same anatomical characters which are so well displayed in the beautiful 
drawing Mr. Gawan has given of this Ammonite. 


Fig. 2 


Hanhart imp 


PLATE XXXIV. 
Zone of Aegoceras Henleyt. 


Fig. 1. Ancocrras macuLatumM. Young and Bird. Lateral view, natural size. The 
figures in this plate are 
arranged to show that Aeg. 
maculatum, Young = deg. 
capricornum, Schloth, of the 
Yorkshire coast, is the imma- 
ture condition of Aegoceras 
heterogenum, Young and Bird, 
found in the same beds. 


2. — — — Siphonal area of the same shell. 
3. — — — Front view of do. do. 
A. ~— — — Specimen in which the trans- 


formation scene in the last 
whorl has been nearly accom- 


plished. 
5. — — — Front view of the same fossil. 
6. = — = Siphonal area, showing the re- 


rarkable change in the ven- 
tral area both in width, tuber- 
cles, and ribs. 


7. = —_ _— Accurate tracing of the lobe- 
, line. 
8. — — — Do. do. another 
specimen. 


All the specimens figured in this plate belong to the Leckenby collection, Wood- 
wardian Museum, Cambridge. 


PLATE XXXV. 
Zone of Aegoceras Henleyt. 


Fig. 1. Azcocrras acuricostatum, Wright. Lateral view, natural size. Woodwardian 
Museum, Cambridge. VT. |% 2 


2. — — — Front view, natural size, showing the 

biflexion of the ventral ribs. 

3. — — — Siphonal area of the same shell. 

4, — HETEROGENUM, Young and Bird. Lateral view, natural size. Wood- 
wardian Museum _—_ Leckenby 
collection. 

5. — — — Front view of the same shell. 


oe _ — Siphonal area of the same shell, 
showing the sudden enlarge- 
ment of the whorl at the com- 
mencement of the transforma- 
tion scene. Natural size. 
7. _ acuticostatuM, Wright. Lobe-line, showing simple ramifications. 


PLATE XX) 


Hanhart imp. 


PLATE XXXVI. 


Zone of Aegoceras Henleyt. 


Fig. 1. Ancoceras HETEROGENUM, Young and Bird. Lateral view, natural size. My 


2 


collection. 

Front view of the same fossil. 

Siphonal area of the same. 

Accurate tracing of the complicated 
lobe-line, showing the large 
siphonal lobe and the larger 
principal lateral lobes in an ex- 
ample of this species, collected 
from the Marlstone of the York- 
shire coast. 


er 


PLATE XXXVII. 


The following species are from different zones. 


Fig. 1. Ancoceras Maveensstt, d’Orbigny. Lateral view, natural size. My collection 


10. 


11. 


from the Ibex zone. 
= — Front view, showing spines do. 


. ARIETITES NODOTIANUS — Lateral view, natural size. This is General 


Portlock’s type specimen of his 4m- 
monites Macdonelli, Dublin Museum of 
the Geological Survey of Ireland. 

— — Front view of same, showing keel. 


. Argoceras prrros, Quenstedt. Lateral view, magnified. From the collection 


of the Rev. Samuel Lucas, F.G.S. 
_— Siphonal area, showing the deep ribbing. 
— -— Front view of the same fossil. 
GaGateuM, Young and Bird. Lateral view, natural size. My col- 
lection. 
as —— Front view, with ribs on ventral area 
of same, natural size. 

Miuuert, Wright. Ventral area, showing the singular shell texture 
of this species. Collected at Pabba by Pro- 
fessor A. Geikie, F.R.S. My collection. 

— ~~ Lateral view of the same, showing the position 
of the lateral tubercles. 
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PLATE XXXVIIL 
Zone of Aegoceras Ibex. 


Fig. 1. Azeocrras Vaupant, d’ Orbigny. Lateral view, natural size. In collection of 
Mr. Charles Moore, F.G.S., Bath. 


2. — — — Front view of siphonal area _ do. 

3. = os — Body-chamber with aptychus em siti. My | 
collection. | 

A. — — —- Lobes and saddles of this species magnified. 

ay —_ DENSINODUM, Qwenstedt. Lateral view, natural size, showing the 


remarkable inflated mouth-border of 
this species from near Yeovil. My 
collection. 

6. — — — _Siphonal area, showing its flatness and 
the lateral position of the short spines. 
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PLATE XXXIX. 


Zone of Aegoceras Ibex. 


. Azcoceras Loscomst, Sowerby. Lateral view of a strongly ribbed specimen, 


natural size. 

== — -— Siphonal area, showing prominent ribs do. 

— — — Another specimen of the same species. 

— Iprx, Quenstedt. Lateral view, magnified. 

ao os — Another specimen with definite ribbing. 

ee DENSINODUM, Quenstedt. lateral view, natural size. 

— -— — Front view of the same. 

= — — Lateral view of another specimen, with 
an additional row of tubercles. 

a — Siphonal area of the same, showing ribs 

and spines. 

= — .___ Lobe-hne of this species. The siphonal 
shorter than the principal lateral lobe, 
which is split wp into many divisions. 


All the specimens figured in this plate belong to my collection. - 
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PLATE XL. 
Zone of Aegoceras Jamesoni. 


Fig. 1. ABEGOCERAS POLYMORPHUM, Quenstedt. -) Lateral view, magnified two diameters. 
In the collection of the Rev. J. E. 


Cross, F.G.S. 
2. ~ — — Siphonal area, front view do. 
3. — — — Simple lobe-line of this form do. 


Zone of Aegoceras Ibex. — 


4, Puy~uoceras Loscomsi, Sow. Lateral view, natural size. My collection. From 
Charmouth, Dorset. 
5. — as — Front view of siphonal area do. 
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